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( i )
A cknowledgem ents .
I would f i r s t l y  l i k e  to  th an k  my d e p a r t m e n t a l  
s u p e r v i s o r .  P r o f e s s o r  I .A .  Boyd who was i n s t r u m e n t a l  in  
o b t a i n i n g  fu n d s  from th e  F a c u l t y  of  Medicine which a l low ed  
me to  u n d e r t a k e  th e  work c o n t r i b u t i n g  toward  t h i s  t h e s i s .
F u r th e r m o r e ,  I am d e ep ly  i n d e b t e d  t o  my p r o j e c t  
s u p e r v i s o r  Dr. J . R .  Rosenberg  f o r  i n t r o d u c i n g  me to  t h e  
q u e s t i o n s  a d d r e s s e d  i n  t h i s  t h e s i s  and f o r  a l l o w in g  me th e  
g e n e ro u s  use of  h i s  l a b o r a t o r y  and equ ipm ent ,  and a l l o w i n g  
me a f r e e  hand i n  t h e  e x e c u t i o n  of t h e  r e s e a r c h  programme. 
A d d i t i o n a l l y ,  my th a n k s  must a l s o  go t o  Drs .  B axenda le  and 
F e r r e l l  who i n t r o d u c e d  me to  t h e  t e c h n i q u e s  used  i n  t h e  
s tu d y  of  j o i n t  a f f e r e n t  convergence  onto  segm en ta l  r e f l e x  
pa thw ays  and t o  Dr. A. Rowlerson who k in d ly  d e m o n s t r a t e d  
t h e  methods employed i n  t h e  h i s t o c h e m i c a l  s tu d y  of  s k e l e t a l  
m usc le .
In  a d d i t i o n  I  would once a g a i n  l i k e  to  e x p r e s s  my 
th a n k s  t o  Dr. Rosenberg  f o r  t h e  encouragement  o f f e r e d  to  me 
and f o r  p r o v i d i n g  me w i th  w ork a b le  t r a n s l a t i o n s  of  many 
works o r i g i n a l l y  w r i t t e n  i n  German, Dutch and R u s s i a n .
F i n a l l y ,  I w ish  to  e x p r e s s  my s i n c e r e  g r a t i t u d e  to  
Mrs. A. Tannock who s p e n t  c o u n t l e s s  h o u rs  h e l p i n g  t o  
com pi le  t h i s  t h e s i s .
( i i )
^ome o b s e r v a t i o n s  on t h e  p a t t e r n  o f  l a b y r i n t h  and nek 
Xe f l e x e s  and t h e i r  i n t e r a c t i o n s  in  b o th  normal and 
h e m i l a b v r i n t h e c t o m i z e d  c a t s .
Summary.
L in d s a y ,  R o b e r t s  and Rosenberg  (1976) u s i n g  n a t u r a l  
s t i m u l a t i o n  t e c h n i q u e s  d e m o n s t r a t e d  a s y m m e t r i c a l ly  
o r ^ g a n i z e d  t o n i c  l a b y r i n t h  and neck r e f l e x e s  a c t i n g  on 
f o r e l i m b  e x t e n s o r s .  S t a t i c  t i l t s  of  t h e  head a lo n e  
g e n e r a t e d  l a b y r i n t h  r e f l e x e s ,  w h i l e  r o t a t i o n  of  t h e  a x i s  
v e r t e b r a  f o l l o w i n g  d e n e r v a t i o n  o f  Cl  and C2 c e r v i c a l  j o i n t s  
g e n e r a t e d  neck r e f l e x e s  i n d e p e n d e n t l y  o f  l a b y r i n t h  
r e f l e x e s .  Side-down t i l t s  o f  th e  head r e s u l t e d  i n  a 
s h o r t e n i n g  o f  t h e  m ed ia l  head of  t r i c e p s ,  and c o n v e r s e l y  
f o r  s i d e - u p  head t i l t s .  F o l lo w in g  neck r o t a t i o n  th e  t r i c e p s  
m usc le  was o b s e rv e d  to  l e n g t h e n  w i th  s i d e - u p  r o t a t i o n s  and 
t o  s h o r t e n  d u r i n g  s ide -dow n  r o t a t i o n s .  S t u d i e s  on t h e  
i n t e r a c t i o n  of  l a b y r i n t h  and neck r e f l e x e s  d e m o n s t r a t e d  
t h a t  when l a b y r i n t h  and neck r e f l e x e s  were s i m u l t a n e o u s l y  
g e n e r a t e d  no n e t  a l t e r a t i o n  i n  m u scu la r  a c t i v i t y  was 
o b s e r v e d .  T h is  r e s u l t  s u p p o r t s  s e v e r a l  t h e o r e t i c a l  schemes 
which r e q u i r e  l a b y r i n t h  and neck r e f l e x e s  to  i n t e r a c t  in  
such a way as  to  p r o v i d e  e f f e c t i v e  s t a b i l i s a t i o n  of  t h e  
t r u n k  d u r i n g  v o l u n t a r y  head movements.  A l though L in d say  e t  
a l .  (1976) d e s c r i b e d  l a b y r i n t h  and neck a c t i o n s  on f o r e l i m b  
e x t e n s o r s ,  t h e  p a r t i c i p a t i o n  of f l e x o r  m usc les  i n  t h e s e  
r e f l e x e s  rem ained  u n c e r t a i n ,  and l a r g e l y  c i r c u m s t a n t i a l .  In  
t h e  f i r s t  p a r t  of t h i s  t h e s i s  th e  p a r t i c i p a t i o n  of  f l e x o r
( i i i )
m u sc le s  i n  t h e  above r e f l e x e s  was examined.
L a b y r i n th  and neck r e f l e x e s  were  s t u d i e d  by 
r e c o r d i n g  EMG a c t i v i t y  in  f o r e l i m b  e x t e n s o r s  and f l e x o r s  i n  
d e c e r e b r a t e  c a t s  d u r in g  p e r i o d s  of  n a t u r a l  v e s t i b u l a r  
a n d /o r  neck p r o p r i o c e p t o r  s t i m u l a t i o n .  The s t i m u l a t i o n  
t e c h n i q u e s  were as  d e s c r i b e d  by L in dsay  e t  a l .  (1 97 6 ) .  Head 
r o t a t i o n  a lo n e  evoked l a b y r i n t h  r e f l e x e s  w h i l e  r o t a t i o n  of 
t h e  a x i s  v e r t e b r a  in du ce d  neck r e f l e x e s .  EMG r e c o r d s  
o b t a i n e d  d u r i n g  l a b y r i n t h i n e  and neck s t i m u l a t i o n  r e v e a l e d  
t h e  d i s t i n c t  p r e s e n s e  of  l a b y r i n t h  and neck r e f l e x e s  in  
f o r e l i m b  f l e x o r s .  The e x t e n s o r  p a t t e r n  of  r e f l e x e s  
conformed t o  t h e  scheme o u t l i n e d  by L indsay  e t  a l .  (19 7 6 ) .  
L a b y r i n t h  r e f l e x e s  r e c o r d e d  from b i c e p s  and b r a c h i a l i s  were 
commonly o b se rv e d  to  d i s p l a y  t o n i c  a c t i v i t y  changes  t h a t  
were w e l l  c o r r e l a t e d  w i t h  head p o s i t i o n .  Tonic  l a b y r i n t h  
r e f l e x e s  i n  f l e x o r s  were o b se rv e d  to  be r e c i p r o c a l  to  th o s e  
r e c o r d e d  s i m u l t a n e o u s l y  from a n t a g o n i s t  e x t e n s o r  m usc les  
( t r i c e p s ) . Side-down head t i l t s  d e p r e s s e d  f l e x o r  EMG 
a c t i v i t y  w h i l e  s i d e - u p  head  t i l t s  f a c i l i t a t e d  f l e x o r  EMG. 
Neck r e f l e x e s  on to  f l e x o r  m u sc le s  d i s p l a y e d  t h e  o p p o s i t e  
p a t t e r n  o f  r e f l e x e s  f o r  th e  same d i r e c t i o n  o f  r o t a t i o n ;  
i . e . ,  i n c r e a s e d  f l e x o r  EMG accompanied  neck s ide -dow n 
t i l t s ,  w h i l e  d e p r e s s i o n  of  f l e x o r  EMG o c c u r r e d  w i t h  neck 
s i d e - u p  t i l t s .  Thus a scheme of l a b y r i n t h  and neck r e f l e x e s  
can be p r e s e n t e d  t h a t  e x te n d s  t h e  o r i g i n a l  r e s u l t s  of  
L ind say  e t  a l .  (1976) t o  i n c l u d e  t h e  p a r t i c i p a t i o n  of 
f l e x o r  m u sc le s  in  r e f l e x  s t a b i l i z a t i o n  of th e  t r u n k .
The r o l e  of th e  l a b y r i n t h s  i n  a s p e c t s  of  p o s t u r a l  
c o n t r o l  can be r e c o g n i s e d  f o l l o w i n g  u n i l a t e r a l
(i v)
l a b y r i n t h e c t o m y . H e m i la b y r in th e c to m y  i n f l i c t s  s e v e r e  
p o s t u r a l  a b n o r m a l i t i e s  on t h e  b e h a v io u r  of c o n s c io u s  
a n i m a l s ,  however ,  g iv e n  s u f f i c e n t  t im e ,  t h e  s i g n s  o f  
d i s r u p t i o n  d i m i n i s h  and a com ple te  com p en sa t io n  f o r  th e  
l e s i o n  a p p e a r s  to  have t a k e n  p l a c e .  In  s t u d i e s  of t h i s  
p r o c e s s  o f  co m p en sa t io n  l i t t l e  i s  known a bou t  th e  
d i s r u p t i o n  to  t h e  t o n i c  l a b y r i n t h  and neck r e f l e x  sy s te m s  
f o l l o w i n g  h e m i l a b y r i n th e c t o m y .  In  t h i s  s tud y  th e  p a t t e r n  of  
l a b y r i n t h  and neck r e f l e x e s  were examined i n  bo th  a c u t e  
h e m i l a b y r i n t h e c t o m i z e d  c a t s ,  and c a t s  a l lo w e d  to  r e c o v e r  
from t h e  l e s i o n .  In  a c u t e  a n im a l s  i t  was found t h a t  
l a b y r i n t h  r e f l e x e s  i n  e x t e n s o r s  and f l e x o r s  i p s i l a t e r a l  to  
t h e  s i d e  o f  t h e  l e s i o n  a p p e a re d  no rm al ,  w h i l e  l a b y r i n t h  
r e f l e x e s  c o n t r a l a t e r a l  t o  t h e  l e s i o n  were r e v e r s e d  i n  
com par ison  to  no rm al .  Neck r e f l e x e s  were u n a l t e r e d  by 
h e m i l a b y r i n th e c t o m y .  C o n s e q u e n t ly ,  l a b y r i n t h  and neck 
r e f l e x  i n t e r a c t i o n s  a r e  a l t e r e d  g i v i n g  r i s e  to  a new 
p a t t e r n  o f  i n t e r a c t i o n  which may a cc o u n t  f o r  some of  t h e  
o b se rv e d  p o s t u r a l  a b n o r m a l i t i e s  seen  w i th
h e m i l a b y r i n t h e c t o m y . F u r th e r m o r e ,  t h e  o b s e r v a t i o n  t h a t  th e  
normal l a b y r i n t h  r e f l e x  i s  d ep en dan t  on th e  i n t e g r i t y  of  
t h e  c o n t r a l a t e r a l  l a b y r i n t h  s u p p o r t s  e l e c t r o p h y s i o l o g i c a l  
e v id e n c e  t h a t  t h e s e  r e f l e x e s  a r e  m e d ia te d  p re d o m in a n t ly  by 
c r o s s e d  pa th w ay s .
In  c h r o n i c  c a t s ,  a l lo w e d  a minimum of  8 weeks 
r e c o v e r y ,  t h e  l a b y r i n t h  and neck r e f l e x e s  c o n t r a l a t e r a l  to  
t h e  o r i g i n a l  l e s i o n  r e g a i n  t h e i r  normal form, w h i l e  
l a b y r i n t h  and neck r e f l e x e s  on t h e  s i d e  of  t h e  l e s i o n ,  
a l t h o u g h  normal in  t h e  e x t e n s o r  a re  r e v e r s e d  i n  t h e  f l e x o r
(v)
m u s c le s .  The f l e x o r s  and e x t e n s o r s  on t h e  s i d e  of t h e  
o r i g i n a l  l e s i o n  d i s p l a y  p a r a l l e l  a c t i v i t y  c h an g es  d u r i n g  
l a b y r i n t h  and neck r e f l e x e s .  I t  t h e r e f o r e  a p p e a r s  t h a t  in  
t h e  com pensa ted  an im al  t h e r e  has  been a r e - o r g a n i s a t i o n  of 
l a b y r i n t h  and neck r e f l e x e s .  The normal p a t t e r n  has  been 
r e s t o r e d  to  t h e  l imb c o n t r a l a t e r a l  t o  th e  l e s i o n  (which in  
t h e  a c u t e  showed r e v e r s e d  r e f l e x e s ) , b u t  in  t h e  l imb 
i p s i l a t e r a l  to  t h e  l e s i o n  l a b y r i n t h  and neck r e f l e x  
e x p r e s s i o n  i n  f l e x o r  m u sc le s  has  been r e v e r s e d  g i v i n g  
c o a c t i v a t i o n  o f  f l e x o r s  and e x t e n s o r s .  D e s p i t e  t h i s  t h e  
co m p le te  p a t t e r n  o f  l a b y r i n t h  and neck r e f l e x e s  i n  th e  
com pensa ted  an im al  can s t i l l  be c o n s i d e r e d  a p p r o p r i a t e  f o r  
p r o v i d i n g  e f f e c t i v e  p o s t u r a l  s t a b i l i s a t i o n  by r e g u l a t i n g  
t h e  o v e r a l  s t i f f n e s s  o f  one l im b ,  and by a l t e r i n g  t h e  
d i s t r i b u t i o n  of  to ne  in  t h e  o t h e r ,  a s  in  t h e  normal  
r e c i p r o c a l  f a s h i o n .
In  a d d i t i o n  to  t h e  above s t u d i e s  e x p e r im e n t s  were 
p e r fo rm ed  on b o th  normal and a c u t e  d e c e r e b r a t e d  c a t s  which 
examined t h e  i n t e r a c t i o n  of  l a b y r i n t h  and neck r e f l e x  
sy s te m s  w i th  elbow j o i n t  a f f e r e n t s .  In  t h e s e  e x p e r im e n t s  
h ead ,  neck and elbow p o s i t i o n / w a s l  used  to  c o n d i t i o n  b o th  
c r o s s e d  e x t e n s o r  and i p s i l a t e r a l  f l e x i o n  r e f l e x e s .  The 
r e s u l t s  i n d i c a t e  t h a t  head and neck p o s i t i o n  m odula te  
r e f l e x  e x c i t a b i l i t y  in  f l e x o r s  and e x t e n s o r s  i n  a manner 
c o n s i s t a n t  w i th  o b s e r v a t i o n s  on th e  d i r e c t i o n  of  l a b y r i n t h  
and neck r e f l e x e s  i n  t h e s e  m u s c le s ,  and t h a t  elbow p o s i t i o n  
can e f f e c t i v e l y  m odu la te  t h e s e  a c t i o n s  i n d e p e n d e n t ly  of  
changes  i n  m usc le  l e n g t h .  E x te n so r  r e f l e x  e x c i t a b i l i t y  was 
g r e a t e s t  i n  normal  c a t s  when t h e  elbow was f l e x e d  and t h e
(vi )
head  t i l t e d  s ide -dow n  or th e  neck t i l t e d  s i d e - u p .  F le x o r  
e x c i t a b i l i t y  was g r e a t e s t  w i th  t h e  l im b h e ld  i n  e x t e n s i o n  
and t h e  head  t i l t e d  s i d e - u p  or t h e  neck s id e -d o w n .  In  a c u t e  
a n im a l s  t h e  l a b y r i n t h  a c t i o n s  were  a l t e r e d  i n  agreem ent  
w i th  t h e  d e s c r i p t i o n  of  l a b y r i n t h  r e f l e x e s  i n  t h e s e  
a n i m a l s .  The a b i l i t y  o f  j o i n t  a f f e r e n t s  to  m odula te  
d e s c e n d in g  l a b y r i n t h  and neck i n p u t s  t o  m otoneurones  i s  
t a k e n  to  i n d i c a t e  t h a t  l imb p o s i t i o n  can e f f e c t i v e l y  
r e g u l a t e  t h e  r e f l e x  o u t p u t  of  t h e  l a b y r i n t h  and neck 
s y s te m s  so a s  t o  g e n e r a t e  r e f l e x e s  t h a t  a r e  a p p r o p r i a t e  f o r  
t h e  p o s i t i o n  o f  t h e  l imb a t  any p a r t i c u l a r  t im e .
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I n t r o d u c t i o n .
The p a s t  f i f t e e n  y e a r s  has w i t n e s s e d  a renewal  of 
i n t e r e s t  i n  v e s t i b u l a r  p h y s io lo g y  and h as  l e d  t o  t h e  
g e n e r a t i o n  o f  l a r g e  b o d i e s  of  l i t e r a t u r e  c o v e r in g  t h e  
d e t a i l e d  neuroanatom y of  t h e  v e s t i b u l a r  sys tem ,  
v e s t i b u l o s p i n a l  r e f l e x e s ,  v e s t i b u l o - o c u l a r  r e f l e x e s  and th e  
p r o c e s s  of  c o m p en sa t io n  f o l l o w i n g  h e m i l a b y r i n t h e c t o m y . 
D e s p i t e  a g r e a t e r  u n d e r s t a n d i n g  of  t h e  o r g a n i s a t i o n  of  t h e  
v e s t i b u l a r  sys tem  t h e r e  s t i l l  remain  c e r t a i n  a r e a s  i n  which 
p r o g r e s s  has  been s low.  T h i s  t h e s i s  i s  co n ce rn e d  w i t h  two 
p roblem  a r e a s .
One such a r e a  c o n c e rn s  t h e  p a r t i c i p a t i o n  and 
b e h a v io u r  o f  l imb f l e x o r s  d u r i n g  p o s i t i o n a l  r e f l e x e s  
o r i g i n a t i n g  from t h e  o t o l i t h s .  C o n s e q u e n t ly ,  t h e  p a t t e r n  of  
r e f l e x  i n t e r a c t i o n s  w i t h  o t h e r  p o s i t i o n a l  r e f l e x e s ,  n o t a b l y  
t h o s e  o r i g i n a t i n g  from p r o p r i o c e p t o r s  l o c a t e d  i n  t h e  
c e r v i c a l  r e g i o n ,  has  y e t  to  be f u l l y  d e s c r i b e d .  In  
a d d i t i o n ,  i n f o r m a t i o n  r e g a r d i n g  p a t t e r n s  o f  i n t e r a c t i o n s  
w i th  p r o p r i o c e p t i v e  r e f l e x e s  a r i s i n g  from th e  l im bs  i s  
l a c k i n g .
L a b y r i n th  and neck r e f l e x e s  a r e  known t o  i n f l u e n c e  
l im b  p o s t u r e .  I t  i s  n o t  known, however ,  w he ther  l imb 
p o s i t i o n  i t s e l f  can i n f l u e n c e  t h e s e  r e f l e x e s .  A c a n d i d a t e  
f o r  a p r o p r i o c e p t i v e  sys tem  c a p a b le  of such a c t i o n  a r e  t h e  
j o i n t  r e c e p t o r s ,  a p o p u l a t i o n  of  which a r e  known to  p o s s e s s  
d i s c h a r g e  c h a r a c t e r i s t i c s  r e l a t e d  t o  p o s i t i o n .  By u t i l i z i n g  
n a t u r a l  s t i m u l a t i o n  t e c h n i q u e s  i t  i s  hoped to  s tu d y  t h e  
r e f l e x  b e h a v io u r  of  f o r e l i m b  f l e x o r s  and t h e i r  r e l a t i o n s h i p
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w i th  a c t i v i t y  i n  e x t e n s o r s  d u r i n g  l a b y r i n t h  and neck 
r e f l e x e s .  The e f f e c t s  o f  a l t e r i n g  l im b  p o s i t i o n  on t h e  
e f f i c a c y  o f  l a b y r i n t h  and neck r e f l e x e s  w i l l  a l s o  be 
a s s e s s e d .  I t  i s  hoped t h e r e f o r e  t o  d e s c r i b e  a scheme of 
i n t e r a c t i v e  i n f l u e n c e s  a c t i n g  on b o th  t h e  e x t e n s o r  and 
f l e x o r  m u s c u la tu r e  o f  t h e  f o r e l i m b s  a r i s i n g  from th e  
l a b y r i n t h s ,  neck p r o p r i o c e p t o r s  and from j o i n t  a f f e r e n t s .
The second problem l i e s  i n  t h e  a r e a  of t h e  p r o c e s s  
o f  co m pen sa t io n  f o l l o w i n g  t h e  l o s s  o f  one l a b y r i n t h .  The 
l a b y r i n t h s  a r e  r e c o g n i s e d  t o  p l a y  an im p o r t a n t  r o l e  in  t h e  
r e g u l a t i o n  of  p o s t u r e ,  a s  i s  e a s i l y  d e m o n s t r a b le  f o l l o w in g  
t h e  d e s t r u c t i o n  o f  one l a b y r i n t h .  H em ilab y r in th ec to m y  
r e s u l t s  i n  marked p o s t u r a l  d e f i c i t s  t h a t  r e n d e r  an an im al  
i n c a p a b l e  of  c a r r y i n g  o u t  c o o r d i n a t e d  movement. With t im e  
t h e  symptoms d im i n i s h  and an a lm o s t  com ple te  com pensa t ion  
t o  t h e  i n s u l t  o c c u r s .  The com pensa t ion  i s  so com ple te  t h a t  
i t  becomes v e ry  d i f f i c u l t  to  d i s t i n g u i s h  between a normal 
and a h e m i l a b y r i n t h e c t o m i z e d  a n im a l .  The mechanism b eh in d  
t h i s  p o s t u r a l  com p e n sa t io n  i s  p o o r l y  u n d e r s to o d ,  ( a l th o u g h  
a v a s t  l i t e r a t u r e  i s  a v a i l a b l e  on com pensa t ion  in  t h e  
v e s t i b u l a r  o c u l a r  r e f l e x ) . In  t h e  e a r l y  s t a g e s  f o l l o w i n g  
h e m i l a b y r i n t e c t o m y  i t  i s  i n t u i t i v e l y  a p p a r e n t  t h a t  th e  
r em a in in g  l a b y r i n t h  has  i n a d e q u a t e  c o n t r o l  to  s t a b i l i s e  th e  
a n i m a l , however as  t im e  p r o g r e s s e s  t h i s  c o n t r o l  i s  
r e - e s t a b l i s h e d .  By e x p e r i m e n t in g  w i t h  a c u t e  and c h r o n i c  
h e m i l a b y r i n t h e c t o m i z e d  c a t s  i t  i s  hoped t h a t  a d e s c r i p t i o n  
o f  l a b y r i n t h  and neck r e f l e x e s  and t h e i r  i n t e r a c t i o n s  w i l l  
p r o v i d e  an i n s i g h t  i n t o  some a s p e c t s  of  t h e  p r o c e s s  of 
co m p e n sa t io n .
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L i t e r a t u r e  Review.
A p e r s p e c t i v e  _on t h e  deve lopm en t  o f  v e s t i b u l a r  p h y s i o l o g y .
1 . 1 . 0  The e a r l y  h i s t o r y  o f  l a b y r i n t h  p h y s i o l o g y .
O u t l i n e ;  The a s s o c i a t i o n  of  e q u i l i b r i u m  w i th  t h e  l a b y r i n t h  
i n  t h e  l a t e  1 8 0 0 ' s  and t h e  c h a l l e n g e  to  p r e v i o u s l y  a c c e p t e d  
t h e o r i e s  on l a b y r i n t h i n e  f u n c t i o n .  The r e c o g n i t i o n  of  th e  
a d e q u a te  s t i m u l u s  to  t h e  s e m i c i r c u l a r  c a n a l s  and th e  
s u g g e s t i o n  of  a mechanism of  s e n s o r y  t r a n s d u c t i o n .  B r e u e r ' s  
f u n c t i o n a l  s e p a r a t i o n  be tween  s e m i c i r c u l a r  c a n a l  and 
o t o l i t h  f u n c t i o n .
The f o u n d a t i o n s  o f  modern v e s t i b u l a r  p h y s io lo g y  can 
be t r a c e d  t o  th e  second h a l f  of  t h e  n i n e t e e n t h  c e n t u r y .  
D uring  t h i s  p e r i o d  t h e  l a b y r i n t h  was, f o r  t h e  f i r s t  t im e  
c o n s i d e r e d  a s  a se n se  o rgan  con ce rn e d  w i t h  e q u i l i b r i u m  
( G o l t z ,  1 8 7 0 ) .  The e v id e n c e  on which G o l tz  b a se d  t h i s  view 
f o l lo w e d  from h i s  o b s e r v a t i o n s  on t h e  b e h a v io u r  of  f r o g s  
f o l l o w i n g  d e s t r u c t i o n  of  t h e  l a b y r i n t h s .  A l though n o t  t h e  
f i r s t  p h y s i o l o g i s t  to  o b s e r v e  d i s t u r b a n c e s  i n  e q u i l i b r i u m  
f o l l o w i n g  l a b y r i n t h e c t o m y  (F lo u r e n s  (1824) a lm o s t  f i f t y  
y e a r s  p r e v i o u s l y  had d e s t r o y e d  s e m i c i r c u l a r  c a n a l s  i n  
p i g e o n s ) ,  G o l t z ' s  t h e o r y  c h a l l e n g e d  t h e  e s t a b l i s h e d  i d e a s  
on v e s t i b u l a r  f u n c t i o n .  The s t r u c t u r e  and f u n c t i o n  of  t h e  
s e m i c i r c u l a r  c a n a l s  and t h e i r  c lo s e  r e l a t i o n s h i p  w i th  th e  
c o c h le a  had i n s p i r e d  t h e o r i e s  i n  which th e  c a n a l s  s u b s e r v e
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r e c o g n i t i o n  of  t h e  d i f f e r e n t  d i r e c t i o n s  from which sounds 
o r i g i n a t e .  The p r o t a g o n i s t s  o f  t h i s  t h e o r y  a rgued  t h a t  th e  
d i s t u r b a n c e s  i n  e q u i l i b r i u m  seen  by Gol tz  f o l l o w in g  
d e s t r u c t i o n  o f  t h e  l a b y r i n t h  r e s u l t e d  e i t h e r  from 
p o s t - o p e r a t i v e  i r r i t a t i o n s ,  o r  c e r e b r a l  l e s i o n s  
accompanying t h e  d e s t r u c t i o n  of  t h e  l a b y r i n t h  or from t h e  
l o s s  i n  t h e  a b i l i t y  to  l o c a l i s e  so u n d s ,  (which would r e s u l t  
i n  d i s o r i e n t a t i o n  o f  t h e  a n i m a l s ) . A l though  t h e  e v id e n c e  
b e h in d  t h i s  a c o u s t i c  t h e o r y  o f  c a n a l  f u n c t i o n  was l a r g e l y  
a n a t o m i c a l ,  s u p p o r t  a t  t h e  t im e  from t h e  s c i e n t i f i c  
community (H elm hols t  amongst them) was c o n s i d e r a b l e  ( see  
rev iew  o f  A . B o e t t c h e r ' s  monograph by E .H a r t ,  1 8 7 3 ) .  The 
s t r e n g t h  of  t h e  s u p p o r t  f o r  t h i s  t h e o r y  i n s u r e d  i t s  
s u r v i v a l  w e l l  i n t o  t h e  t w e n t i e t h  c e n t u r y ,  ( see  Camis,
1 9 3 0 ) .
At t h e  same t im e  as  G o l t z  was p r e s e n t i n g  h i s  
t h e o r y ,  Mach (1875) i n  P ra g u e ,  B reuer  (1874) i n  Vienna and 
Crum-Brown (1874) i n  Ed inburgh  in d e p e n d e n t l y  p ro p o se d  t h a t  
t h e  s e m i c i r c u l a r  c a n a l s  were i n v o lv e d  i n  t h e  p e r c e p t i o n  of 
a n g u la r  a c c e l e r a t i o n s .  The d e d u c t i v e  r e a s o n in g  b e h in d  t h i s  
s t a t e m e n t  d i f f e r s  on ly  s l i g h t l y  be tween  a l l  t h r e e  a u t h o r s .  
Crum-Brown (1874) i n  a comm unica t ion  to  t h e  Royal S o c i e t y  
o f  Edinburgh d e s c r i b e d  t h e  e f f e c t s  of  r o t a t i n g  a s u b j e c t  
(w ith  eyes c lo s e d )  a b o u t  an a x i s  p a s s i n g  th ro u g h  th e  head .  
Convinced of  t h e  e x i s t e n c e  of  a ' s e n s e  of r o t a t i o n '  
Crum-Brown r e p o r t e d  t h a t  w i th  un i fo rm  r a t e s  o f  r o t a t i o n  t h e  
s u b j e c t  i n i t i a l l y  p e r c e i v e s  t h e  r o t a t i o n  b u t  t h e  e f f e c t  
d i m i n i s h e s  w i th  c o n t i n u e d  r o t a t i o n  u n t i l ,  w i th  t im e ,  no 
s e n s a t i o n  i s  p e r c e i v e d .  On t e r m i n a t i o n  of  r o t a t i o n ,  t h e
page 5
s u b j e c t  e x p e r i e n c e s  t h e  s e n s a t i o n  of  r o t a t i n g  a b o u t  t h e  
same a x i s  as  p r e v i o u s l y  r o t a t e d ,  though  now i n  t h e  o p p o s i t e  
d i r e c t i o n .  The i n i t i a l  p e r c e p t i o n  of  t h e  r o t a t i o n  and th e  
' c om plem en ta ry  a p p a r e n t  r o t a t i o n '  on s t o p p i n g  th e  s p i n  were 
r e c o g n i z e d  as  a conseq uence  of  t h e  a n g u l a r  a c c e l e r a t i o n s  
e x p e r i e n c e d  a t  t h e  s t a r t  and t h e  f i n i s h  of t h e  r o t a t i o n .
The o n ly  r e c e p t o r  sys tem  t h a t  co u ld  be t h o u g h t  to  respond  
t o  a n g u l a r  a c c e l e r a t i o n s  were t h e  s e m i c i r c u l a r  c a n a l s .  
Crum-Brown a rg u e d  t h a t  r o t a t i o n s  a bou t  an a x i s  normal to  
t h e  p l a n e  of  a c a n a l  would r e s u l t  i n  a f low of endolymph 
r e l a t i v e  to  t h e  w a l l s  o f  t h e  c a n a l .  The f low of endolymph 
was t h o u g h t  t o  cause  t h e  e x c i t a t i o n  o f  th e  n e rv e  t e r m i n a l s  
i n  t h e  a m p u l l a .  The s t i m u l i  t o  t h e  n e rv e  t e r m i n a l s  d u r in g  
u n i fo rm  r o t a t i o n s  r e d u c e s  as  t h e  r e l a t i v e  motion  of 
endolymph o c c u r s  i n i t i a l l y  as  a consequence  of  i t s  own 
i n e r t i a .  T h is  t h e n  e x p l a i n e d  why t h e r e  i s  no p e r c e p t i o n  of 
r o t a t i o n  a t  un i fo rm  r a t e s .  On r a p i d  d e c c e l e r a t i o n  from 
u n i fo rm  r o t a t i o n s  t h e  " c o n t e n t s "  o f  a c a n a l  w i l l  c a r r y  on 
i n  t h e  d i r e c t i o n  o f  t h e  i n i t i a l  r o t a t i o n ,  t h e r e b y  p r o d u c in g  
t h e  s e n s a t i o n  of  a p p a r e n t  r o t a t i o n  i n  t h e  o p p o s i t e  
d i r e c t i o n .  Due to  t h e  l a c k  o f  knowledge r e g a r d i n g  t h e  
e x c i t a t i o n  o f  n e rv e s  a t  t h i s  t im e  Crum-Brown a rgu ed  t h a t ,  
s i n c e  c a n a l s  co u ld  be p a i r e d  on o p p o s i t e  s i d e s  o f  t h e  head ,  
a c c e l e r a t i o n s  would be s i g n a l l e d  by one c a n a l  and 
d e c c e l e r a t i o n s  by t h e  com pl im en ta ry  c a n a l  of  an i n d i v i d u a l  
p a i r .  The r a t i o n a l e  b e h in d  t h i s  was t h a t  d u r in g  r o t a t i o n  in  
t h e  p l a n e  of  a p a i r  of  c a n a l s ,  one c a n a l  would be a m p u l la  
l e a d i n g  t h e  o t h e r  a m pu l la  t r a i l i n g .  C on seq uen t ly  t h e  
d i r e c t i o n  of  endolymph f low  r e l a t i v e  to  th e  am pul la  a t  th e
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s t a r t  and f i n i s h  of a r o t a t i o n  would be d i f f e r e n t  i n  bo th  
c a n a l s .  Each i n d i v i d u a l  c a n a l  was t h e o r i z e d  t o  t r a n s m i t  t h e  
s e n s a t i o n  of  r o t a t i o n  a b o u t  one a x i s  and one d i r e c t i o n  
o n l y .  The t h r e e  p a i r s  of  c om p l im en ta ry  c a n a l s  were t h o u g h t  
t o  be s e n s i t i v e  to  any r o t a t i o n  a bo u t  axes a t  r i g h t  a n g le s  
t o  t h e i r  r e l a t i v e  p l a n e s .  T h is  work p r o v id e d  a t h e o r e t i c a l  
b a s i s  f o r  a t h e o r y  of o p e r a t i o n  on which e x p e r im e n ta l  work 
c o u ld  f o l l o w .  The a d e q u a te  s t i m u l i  t o  t h e  c a n a l s  had been 
r e c o g n i s e d  and a t h e o r y  of  s e n s o r y  t r a n s d u c t i o n  i n  t h e  
c a n a l s  ( i . e . ,  t h e  flow of endolymph over  n e rv e  t e r m i n a l s  in  
t h e  am pul la )  p r e s e n t e d .  F o l lo w in g  on from t h e  i n i t i a l  work 
o f  Crum-Brown (1874) and o t h e r s ,  B re u e r  (1875, 1891) l a t e r  
d i f f e r e n t i a t e d  i n  f u n c t i o n a l  t e rm s  between t h e  s e m i c i r c u l a r  
c a n a l s  and t h e  o t o l i t h s .
The o t o l i t h  o rg an s  were  t h o u g h t  by B reuer  to  
c o n t r i b u t e  to  t h e  p e r c e p t i o n  of  l i n e a r  a c c e l e r a t i o n s ,  and 
a s  a co n seq u e n ce ,  t o  t h e  p o s i t i o n  of  t h e  head w i th  r e s p e c t  
t o  g r a v i t y .  L ike  t h e  work on s e m i c i r c u l a r  c a n a l s  a 
mechanism of  s e n s o r y  t r a n s d u c t i o n  i n  t h e  o t o l i t h s  combined 
a n a t o m i c a l  and p h y s i c a l  q u a n t i t i e s  (B re u e r ,  1 8 9 1 ) .  With th e  
o t o l i t h s  l y i n g  above th e  s e n s o r y  e p i t h e l i a  o f  t h e  macula  i t  
was s u g g e s t e d  t h a t  d u r in g  r e c t i l i n e a r  a c c e l e r a t i o n  t h e  
i n e r t i a  o f  t h e  o t o l i t h s  would t e n d  t o  l e a v e  them b e h in d ,  
and so cause  ben d ing  of  t h e  imbedded c i l i a  of t h e  macula  
be low.  As th e  o t o l i t h s  cou ld  be d i s p l a c e d  i n  t h r e e  
d im e n s io n s  a l l  changes  i n  head p o s i t i o n  were p r e d i c t e d  to  
i n i t i a t e  a r e s p o n s e .
Thus,  i n  c o n j u n c t i o n  w i th  t h e  s e m i c i r c u l a r  c a n a l s  
t h e  o t o l i t h s  were t h o u g h t  to  e n a b l e  p e r c e p t i o n  of  movement
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and p o s i t i o n  o f  th e  head r e s p e c t i v e l y .  The work of  G o l t z ,  
Crum-Brown, Mach and B re u e r  d e f i n e d  a new d i r e c t i o n  of 
t h i n k i n g  a b o u t  th e  f u n c t i o n  of  th e  s e m i c i r c u l a r  c a n a l s  and 
o t o l i t h  o rg a n s  d e s p i t e  c o n t i n u e d  s u p p o r t  f o r  th e  a c o u s t i c  
t h e o r y .
The new t h e o r y  a s s o c i a t i n g  t h e  l a b y r i n t h  w i th  
e q u i l i b r i u m  and o r i e n t a t i o n  i n  space  was s t r e n g t h e n e d  by 
th e  c l i n i c a l  o b s e r v a t i o n s  of  C h a rco t  (1874) (see  a l s o  
H u gh l ings  Ja c k s o n  1 8 7 4 ) ,  i n  t h e  c o u rs e  of h i s  s t u d i e s  of 
t h e  c a se  h i s t o r i e s  of  p a t i e n t s  w i th  M e n i e r e ' s  d i s e a s e  and 
o t h e r  d i s o r d e r s  of  e q u i l i b r i u m .  C ha rco t  e s t a b l i s h e d  t h a t  
t h e  sudden a t t a c k s  of g i d d i n e s s  and n a u se a ,  t h a t  
c h a r a c t e r i s e  t h e s e  d i s e a s e s  r e s u l t e d  from a u r a l  t r o u b l e ,  
and n o t  as p r e v i o u s l y  t h o u g h t  to  g a s t r i c  or l i v e r  
c o m p l a i n t s .  (The l i v e r  h av in g  p r e v i o u s l y  been i m p l i c a t e d  as  
t h e  d i s e a s e d  organ  s o l e l y  on th e  p r e s e n c e  of  b i l e  i n  t h e  
vom it  o f  p a t i e n t s  w i th  M e n i e r e ' s  d i s e a s e . )  P a t i e n t s  who 
s u f f e r  from M e n i e r e ' s  d i s e a s e  sudden ly  make v i o l e n t  jumping 
movements which can throw them w i th  g r e a t  f o r c e  to  t h e  
g ro u n d .  During  t h e s e  s e i z u r e s  t h e  p a t i e n t  e x p e r i e n c e s  a 
s e n s a t i o n  o f  a movement or t r a n s l a t i o n  of th e  body, or  a 
r o t a t i o n  a bou t  some a x i s .  The p e r c e p t i o n  of t h e s e  im a g in a ry  
r o t a t i o n s  i s  d i f f e r e n t  i n  d i f f e r e n t  p a t i e n t s  bu t  t h e  
r e s u l t a n t  movements o f  t h e s e  p a t i e n t s  were t a k e n  by C h a rc o t  
t o  d e m o n s t r a t e  t h a t  t h e  v e s t i b u l a r  sys tem can i n f l u e n c e  t h e  
motor sys tem as w e l l  as  c o n s c i o u s n e s s .  The im p o r tan c e  of 
C h a r c o t ' s  s t u d i e s  l i e s  e q u a l l y  in  t h e  f i e l d s  of v e s t i b u l a r  
p h y s i o l o g y  and i n  t h e  advancement  of m ed ica l  p r a c t i c e .  The 
r e c o g n i t i o n  of  th e  i n n e r  ea r  as th e  so u rc e  of  t h e
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d i s t u r b a n c e s  a s s o c i a t e d  w i t h  M e n i e r e ' s  d i s e a s e  r e s u l t e d  i n  
more a p p r o p r i a t e  t r e a t m e n t s  o f  t h e  d i s o r d e r  t h a n  was 
p r e v i o u s l y  p o s s i b l e ,  s im p ly  by t h e  r e c o g n i t i o n  of  t h e  i n n e r  
e a r  as t h e  s i t e  o f  th e  d i s e a s e .  In  a d d i t i o n  th e  a s s o c i a t i o n  
o f  d i s o r d e r s  of  e q u i l i b r i u m  w i th  a p a th o lo g y  of  t h e  
l a b y r i n t h  a id e d  t h e  views of  l a b y r i n t h  f u n c t i o n  as 
p r o f e s s e d  by G o l tz  and o t h e r s .
The t h e o r i e s  o f  l a b y r i n t h i n e  f u n c t i o n  p r e s e n t e d  by 
Crum-Brown (1874) were f o r m u l a t e d  to  d e s c r i b e  how a se n se  
o f  p e r c e p t i o n  o f  movement c o u ld  e x i s t  and do n o t  c o n s i d e r  
t h e  v e s t i b u l a r  sys tem as a p o s s i b l e  so u rc e  of  i n f l u e n c e s  on 
m u sc le .  D e s p i t e  t h i s ,  and f o l l o w i n g  on from t h e  work of 
Crum-Brown, B reuer  and G o l t z  w o rke rs  such as  Edwald (a 
p u p i l  o f  G o l tz )  and von Cyon i n v e s t i g a t e d  t h e  p o s s i b l e  
motor f u n c t i o n  of  t h e  l a b y r i n t h .  E d w a ld 's  (1896) 
c o n t r i b u t i o n  to  an u n d e r s t a n d i n g  of  v e s t i b u l a r  f u n c t i o n  i s  
l a r g e l y  b a se d  on h i s  b e l i e f  t h a t  t h e  s e m i c i r c u l a r  c a n a l s  
e x e r t  a t o n i c  i n f l u e n c e  on t h e  to n u s  of  s k e l e t a l  m usc le .
His  e x p e r i m e n t s ,  c a r r i e d  o u t  on p i g e o n s ,  a r e  a l s o  of  
i n t e r e s t  i n  r e l a t i o n  to  t h e o r i e s  c o n c e rn in g  t h e  a d e q u a te  
s t i m u l a t i o n  o f  s e m i c i r c u l a r  c a n a l s .  Edwald d ev e lo p ed  a 
t e c h n iq u e  t h a t  p roduced  m e c h a n ic a l  s t i m u l a t i o n  of 
i n d i v i d u a l  c a n a l s .  By c o m p re s s in g  a p o i n t  on a membranous 
c a n a l ,  Edwald was a b l e  to  s e t  up endolymph f low tow ards  or 
away from t h e  a m pu l la .  Compress ion  a p p l i e d  t o  t h e  p o s t e r i o r  
c a n a l  r e s u l t e d  i n  head movements i n  th e  p la n e  of t h e  c a n a l  
i n  a s p e c i f i c  d i r e c t i o n  , w h i l e  d ecom press ion  p roduced  
movements i n  t h e  o p p s i t e  d i r e c t i o n ,  though in  th e  same 
p l a n e .  The r e s u l t s  o f  t h e s e  e x p e r im e n t s  a re  im p o r t a n t  i n
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s e v e r a l  r e s p e c t s :  (1) t h e  d e m o n s t r a t i o n  t h a t  d i s t u r b a n c e  of  
t h e  endolymph ( p o s s i b l y  f low) can a c t  as  a s t i m u l u s  to  t h e  
n e rv e  t e r m i n a l s  i n  t h e  am pu l la  of t h e  s e m i c i r c u l a r  c a n a l s ,  
and (2) t h a t  t h i s  s t i m u l a t i o n  i n f l u e n c e s  t h e  b e h a v io u r  of 
s k e l e t a l  m usc le s  ( l e a d i n g  t o  movements o f  t h e  h e a d ) . In  
a d d i t i o n  t h e s e  e x p e r im e n t s  d e m o n s t r a t e  t h a t  f low tow ards  
t h e  am p u l la  i n f l u e n c e s  t h e  b e h a v io u r  of  neck m u sc le s  i n  one 
s e n se  w h i l e  f low away from th e  am pul la  i n f l u e n c e s  t h e  
b e h a v io u r  o f  t h e s e  m usc le s  i n  an o p p o s i t e  s e n s e .  From t h i s  
Edwald (1892) p ro p o s e d  t h a t  t h e  flow of  endolymph i n  one 
d i r e c t i o n  e x c i t e d  n e rv e  t e r m i n a l s  w h i l e  f low i n  t h e  
o p p o s i t e  d i r e c t i o n  p ro d uced  i n h i b i t i o n .  To j u s t i f y  t h i s  he 
(Edwald, 1892) s u g g e s t e d  t h a t  a c o n s t a n t  " c i l a r y  a c t i o n "  o f  
t h e  h a i r  c e l l s  w i t h i n  t h e  s e m i c i r c u l a r  c a n a l s  r e s u l t e d  i n  a 
d e g re e  of  t o n i c  e x c i t a t i o n  of  t h e  m u s c le s ,  which was t h e n  
m od u la ted  by s e m i c i r c u l a r  c a n a l  s t i m u l a t i o n .  C a n a ls  co u ld  
t h e r e f o r e  respond  t o  r o t a t i o n s  t h a t  were am pul la  t r a i l i n g  
or am pu l la  l e a d i n g .
Using l i g h t  p r e s s u r e  on t h e  bony w a l l  o f  c a n a l s  von 
Cyon (1877) a l s o  s t i m u l a t e d  i n d i v i d u a l  s e m i c i r c u l a r  c a n a l s .  
He showed t h a t  i n  r a b b i t s  and p ig e o n s  m ech an ica l  
s t i m u l a t i o n  of  c a n a l s  p ro d u ce d  p e n d u la r  eye movements.
These movements i n v o lv e d  b o th  eyes and were  g rad ed  i n  t e rm s  
o f  d u r a t i o n  and f r e q u e n c y  w i th  s t i m u l u s  i n t e n s i t y .  These 
e x p e r im e n t s  a l s o  d e m o n s t r a t e d  t h a t  t h e  d i r e c t i o n  o f  t h e s e  
eye movements was depen d a n t  on t h e  c a n a l  s t i m u l a t e d .  From 
t h e  r e s u l t s  o f  t h e s e  e x p e r im e n t s  v.Cyon p ro p osed  t h a t  
e x c i t a t i o n  of  t h e  l a b y r i n t h s  c o n t r o l l e d  " t h e  d i s t r i b u t i o n  
and s t r e n g t h  of  n e rv ou s  a c t i v i t y "  t r a n s m i t t e d  to  t h e
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v o l u n t a r y  m u sc le s .  A l though  he d e m o n s t r a t e d  such e f f e c t s  i n  
t h e  e x t r a o c u l a r  m u sc le s ,  he does  n o t  ap p ea r  to  have 
s u f f i c i e n t  e v id e n c e  to  expand t h i s  t h e o r y  to  encompass th e  
r e s t  of  t h e  s k e l e t a l  m u s c u la tu r e  of  t h e  body as i s  im p l i e d  
i n  h i s  w r i t i n g s .
In  c o r r e l a t i n g  r e f l e x  movements w i th  the  
l a b y r i n t h s  B reu e r  (1875, 1891) had p ro p o se d  t h a t  
l a b y r i n t h i n e  r e f l e x e s  f e l l  i n t o  two g ro u p s ,  one group 
a s s o c i a t e d  w i th  th e  s e m i c i r c u l a r  c a n a l s  and th e  o t h e r  w i th  
t h e  o t o l i t h s .  B r e u e r ' s  e x p e r i m e n t s  examined t h e  r o t a r y  and 
p o s t  r o t a t o r y  r e a c t i o n s  of  t h e  head and eyes  of  s u b j e c t s  i n  
a r e v o l v i n g  c h a i r .  He found t h a t  when th e  a t t i t u d e  of th e  
head  was a l t e r e d  a v i s u a l  v e r t i g o  c o r r e s p o n d i n g  to  th e  
a t t i t u d e  of t h e  head r e s u l t e d .  The r a p i d  a l t e r n a t i n g  eye 
movements (nystagmus) which b r o u g h t  a b o u t  t h i s  v e r t i g o  were 
c o r r e c t l y  a s s o c i a t e d  w i t h  s t i m u l a t i o n  of  t h e  s e m i c i r c u l a r  
c a n a l s .  The eye movements were c o n s i d e r e d  to  be r e f l e x e s  
t h a t  r e s u l t e d  from head movements.
As p r e v i o u s l y  s t a t e d ,  Breuer  (1875, 1891) had 
p ro p o se d  t h a t  a group of  s t a t i c  r e f l e x e s  r e s u l t i n g  from th e  
p o s i t i o n  of  t h e  head ,  and o r i g i n a t i n g  from th e  o t o l i t h s  
e x i s t e d .  Among th e  o b s e r v a t i o n s  which he c o n s i d e r e d  to  be 
m a n i f e s t a t i o n s  of  t h e s e  r e f l e x e s  were  th e  c h a r a c t e r i s t i c  
head  t i l t s  seen  in  a n im a l s  f o l l o w i n g  u n i l a t e r a l  
l a b y r i n t h e c t o m y , and t h e  com pensa to ry  eye p o s i t i o n s  t ak en  
when th e  a t t i t u d e  of t h e  head  i s  changed .  B r e u e r ' s  
i n s i s t e n c e  on a group o f  s t a t i c  r e f l e x e s  o r i g i n a t i n g  from 
t h e  o t o l i t h s  was l a r g e l y  b a s e d  on h i s  t h e o r y  of  o t o l i t h  
f u n c t i o n  (B reu e r ,  1891) which a t  t h a t  t ime l a c k e d
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s u f f i c i e n t  e x p e r i m e n t a l  s u p p o r t  f o r  g e n e r a l  a c c e p t a n c e .  The 
l a c k  o f  e x p e r i m e n t a l  e v id e n c e  f o r  t h e  e x i s t e n c e  of  t h e s e  
r e f l e x e s  i s  easy  to  u n d e r s t a n d  when t h e  i n a c c e s s i b i l i t y  o f  
t h e  o r g a n s  i n  mammals i s  c o n s i d e r e d ,  and how l i t t l e  
knowledge of  i t s  f u n c t i o n  was a v a i l a b l e .  U n l ik e  th e  
s e m i - c i r c u l a r  c a n a l s  where  m ec h an ica l  s t i m u l i  cou ld  be 
a p p l i e d  d i r e c t l y  to  i n d i v i d u a l  c a n a l s  such s t i m u l a t i o n  
c o u ld  n o t  be a p p l i e d  e a s i l y  to  t h e  o t o l i t h s  w i t h o u t  
i n f l i c t i n g  damage to  t h e  c a n a l s ,  w h ich ,  i n  i t s e l f ,  would 
r e s u l t  i n  p o s t u r a l  d i s t u r b a n c e s .  For t h e s e  r e a s o n s  th e  
o t o l i t h s  were l a r g e l y  n e g l e c t e d  i n  e a r l y  r e s e a r c h e s  on t h e  
v e s t i b u l a r  a p p a r a t u s .
As t h e  t u r n  of  t h e  c e n t u r y  a p p ro a c h e d ,  t h e  
v e s t i b u l a r  a p p a r a t u s  ( s e m i c i r c u l a r  c a n a l s  and o t o l i t h s )  was 
b e in g  s t r o n g l y  a s s o c i a t e d  w i t h  t h e  c o n t r o l  o f  e q u i l i b r i u m .  
However, d e s p i t e  t h e  e x p e r im e n t s  o f  Edwald and v .Cyon th e  
r e f l e x  r e a c t i o n s  of  s k e l e t a l  m usc le  t o  s t i m u l a t i o n  of  t h e  
l a b y r i n t h s  were  n o t  f i r m l y  e s t a b l i s h e d ,  and i t  was n o t  
u n t i l  t h e  i n v e s t i g a t i o n s  of  S h e r r i n g t o n  on d e c e r e b r a t e  
a n im a l s  ( S h e r r i n g t o n ,  1898) , and t h e  s u b s e q u e n t  
o b s e r v a t i o n s  of  Magnus and h i s  c o -w o r k e r s  t h a t  a g roup  of 
t o n i c  r e f l e x e s  were a s s o c i a t e d  w i t h  t h e  o t o l i t h  o r g a n s .
1 . 2 . 0  The d i s c o v e r y  o f  neck r e f l e x e s  and t h e  c l a s s i f i c a t i o n  
o f  l a b y r i n t h i n e  r e f l e x e s .
O u t l i n e :  The in d e p e n d e n t  d i s c o v e r y  o f  p o s t u r a l  r e f l e x e s
a c t i n g  on th e  l im bs  and a r i s i n g  from t h e  upper  c e r v i c a l  
r e g i o n  by S h e r r i n g t o n  and Magnus. S u bseq u e n t  s tu d y  of  neck
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and l a b y r i n t h  r e f l e x e s  by Magnus and c o -w o r k e r s .  S u p p o r t  
f o r  B r e u e r ' s  c l a s s i f i c a t i o n  of  r e f l e x e s .
S h e r r i n g t o n  i n  a p a p e r  p u b l i s h e d  i n  1910 (page 112) 
n o t e s  t h a t  head  r o t a t i o n s  a b o u t  t h e  lo n g  a x i s  o f  t h e  neck 
i n  a d e c e r e b r a t e  c a t  i n h i b i t  e x t e n s o r  to n e  on t h e  s i d e  of  
t h e  lo w ered  p in n a  and b r i n g  a b o u t  a c t i v e  f l e x i o n  o f  t h e  
k n e e .  T h i s  b e h a v io u r  p e r s i s t e d  f o l l o w i n g  s e c t i o n  o f  b o th  
5 t h  and 8 th  n e r v e s  and d e a f f e r e n t a t i o n  o f  t h e  l im b .  T h is  
o b s e r v a t i o n  by S h e r r i n g t o n  c o i n c i d e d  w i t h  i n v e s t i g a t i o n s  of  
Magnus and de K l e i j n  (1912) on t h e  r e f l e x  e f f e c t s  o f  head 
r o t a t i o n s .  I n  a p e r s o n n e l  com m unica t ion  to  Magnus, 
S h e r r i n g t o n  d e t a i l e d  h i s  o b s e r v a t i o n s ,  and added t h a t  t h e  
e f f e c t  was a b o l i s h e d  a f t e r  s e c t i o n i n g  t h e  f i r s t  t h r e e  p a i r s  
o f  d o r s a l  r o o t s  o f  t h e  c e r v i c a l  n e r v e s  (Magnus and de 
K l e i j n ,  1912 page 468;  f o r  E n g l i s h  t r a n s l a t i o n  see  F u l t o n  
( 1 9 5 1 ) ,  page  1 7 7 ) .  S h e r r i n g t o n  and M agnus 's  work ta k e n  
t o g e t h e r  e s t a b l i s h e d  t h a t  r e f l e x  chan ges  i n  l im b  p o s t u r e  
can  accompany a l t e r a t i o n s  o f  head p o s i t i o n  on t h e  neck .  
F u tu r e  e x p e r i m e n t a t i o n  i n t o  t h e s e  o b s e r v a t i o n s  was l e f t  by 
S h e r r i n g t o n  f o r  Magnus t o  c a r r y  o u t .  These r e f l e x e s  were  
n o t  l a b y r i n t h i n e  i n  o r i g i n ,  however ,  and t h e i r  so u rc e  
became t h e  s u b j e c t  o f  a c a r e f u l  s e r i e s  o f  e x p e r im e n t s  by 
Magnus and de K l e i j n  who r e c o g n i s e d  t h e y  o r i g i n a t e d  from 
p r o p r i o c e p t o r s  l o c a t e d  i n  t h e  neck .
I t  had been known f o r  some y e a r s  p r e v i o u s l y  t h a t
s e c t i o n  o f  t h e  m usc le s  o f  t h e  back o f  t h e  neck i n  dogs
r e s u l t s  i n  a t a x i a  of  g a i t  and r e n d e r s  p i g e o n s  u n a b le  to  f l y
(B e rn a rd ,  1858; H u g h l ing s  J a c k s o n , 1 8 7 4 ) .  The d e m o n s t r a t i o n
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by Magnus t h a t  r e f l e x  movements o f  t h e  l im bs  in  a 
b i l a t e r a l l y  l a b y r i n t h e c t o m i s e d  c a t  r e s u l t  on r o t a t i o n  of 
t h e  head ,  e s t a b l i s h e d  t h e  c e r v i c a l  r e g i o n  as  an im p o r t a n t  
s i t e  i n  t h e  g e n e r a t i o n  o f  p o s t u r a l  r e f l e x e s  a c t i n g  on th e  
l im b s .  These r e f l e x e s  were  c a l l e d  neck r e f l e x e s  and t h e i r  
d i s c o v e r y  c o i n c i d e d  w i t h  t h e  d e s c r i p t i o n  of  r e f l e x e s  t h a t  
were  d e p en d a n t  on t h e  i n t e g r i t y  o f  t h e  l a b y r i n t h s .  
I n v e s t i g a t i o n s  i n t o  t h e s e  r e f l e x  sy s te m s  were l e a d  by 
Magnus and h i s  c o l l a b o r a t o r s  c u l m i n a t i n g  i n  t h e  p u b l i c a t i o n  
o f  M agnus 's  book " K o r p e r s t e l l u n g "  (1924) two y e a r s  b e f o r e  
h i s  d e a t h .  E n g l i s h  summaries  o f  t h i s  work can be found i n  
t h e  C ro on ian  and Cameron l e c t u r e s  (1925,  1 9 2 6 ) ,  and i n  t h e
f: Ï
p a p e r s  o f  de k l e i j n  (1923) , de K l e i j n  and V e r s t e e g h  (1927) 
and D usser  de Barenne  (1 9 3 4 ) .
Magnus c o n s i d e r e d  p o s t u r a l  r e f l e x e s  under  t h r e e  
h e a d i n g s ;  1) l o c a l  s t a t i c  r e a c t i o n s ,  which t e n d  to  a f f e c t  
s i n g l e  e x t r e m i t i e s ,  2) s e g m e n ta l  s t a t i c  r e a c t i o n s  i n  which 
i n f l u e n c e s  from one e x t r e m i t y  a f f e c t  t h e  c r o s s e d  l im b  and 
3) g e n e r a l  s t a t i c  r e a c t i o n s  i n  which more th a n  one segment 
o f  t h e  body t a k e s  p a r t .  The r e f l e x e s  o b se rv e d  by Magnus 
a r i s i n g  from t h e  l a b y r i n t h s  and t h e  neck were a s c r i b e d  to  
t h i s  t h i r d  h e a d in g  and i n  p a r t i c u l a r  t o  a f u r t h e r  
s u b d i v i s i o n  of  t h i s  g ro u p ,  t h e  a t t i t u d i n a l  r e f l e x e s .  These 
a t t i t u d i n a l  r e f l e x e s ,  b e s t  seen  i n  d e c e r e b r a t e  p r e p a r a t i o n s  
on changes  i n  head  p o s i t i o n ,  a r e  m a n i f e s t  as  a 
r e d i s t r i b u t i o n  of  to n e  i n  t h e  m usc le s  of  t h e  l im bs  and 
neck .  As changes  i n  head  p o s i t i o n  r e s u l t  i n  a t o r s i o n  of  
t h e  neck and an a l t e r a t i o n  of  head a t t i t u d e  in  s p a c e ,  bo th  
l a b y r i n t h  and neck r e f l e x e s  w i l l  be b ro u g h t  i n t o  p l a y
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s i m u l t a n e o u s l y .  By t a k i n g  t h e s e  o b s e r v a t i o n s  i n t o  a c c o u n t  
Magnus and de K l e i j n  u n d e r to o k  an i n v e s t i g a t i o n  i n t o  each 
o f  t h e s e  r e f l e x  sy s te m s  s e p a r a t e l y .
Neck r e f l e x e s  were  s t u d i e d  w i t h o u t  l a b y r i n t h i n e  
c o n t a m i n a t i o n  by s im ply  d e s t r o y i n g  b o th  l a b y r i n t h s .  By 
d o in g  t h i s  i t  was found t h a t  head r o t a t i o n s  cau sed  
a sy m m e tr ic  changes  i n  t h e  e x t e n s o r  to n e  of  t h e  l im b s .  These 
r e f l e x  a l t e r a t i o n s  i n  m usc le  to ne  a r e  d e s c r i b e d  as  b e in g  
t o n i c  i n  n a t u r e ,  t h a t  i s ,  t h e y  p e r s i s t  f o r  as lo n g  as  a 
c e r t a i n  p o s i t i o n  of  t h e  head  on t h e  neck i s  m a i n t a i n e d .  I f  
t h e  head  i s  r o t a t e d  a b o u t  an a x i s  such t h a t  th e  jaw p o i n t s  
tow ard  one s i d e  of  t h e  a n im a l ,  t h e n  th e  e x t e n s o r  to n e  of  
t h e  f o r e  and h in d  l im b s  o f  t h a t  s i d e  i n c r e a s e s  w he reas  t h e  
to n e  i n  t h e  o p p o s i t e  s i d e  d e c r e a s e s .  With v e n t r o f l e x i o n  and 
d o r s i f l e x i o n  o f  t h e  head t h e  r e f l e x  r e s p o n s e s  change from 
t h e  a sym m etr ic  p a t t e r n  o b s e rv e d  between l im b s  of  t h e  
o p p o s i t e  s i d e s  ( seen  w i th  r o t a t i o n s  a b o u t  t h e  l o n g i t u d i n a l  
a x i s )  t o  a sy m m et r ica l  p a t t e r n .  V e n t r o f l e x i o n  d e c r e a s e s  
e x t e n s o r  tone  i n  t h e  f o r e l i m b s  and i n c r e a s e s  e x t e n s o r  ton e  
i n  t h e  h i n d l i m b s ,  d o r s i f l e x i o n  p r o d u c in g  t h e  o p p o s i t e  
r e s p o n s e  ( t h a t  i s  e x t e n s i o n  of  b o th  f o r e l i m b s  and a p p a r e n t  
f l e x i o n  of  t h e  h i n d l i m b s ) . The above p a t t e r n  of neck 
r e f l e x e s  was found to  be s i m i l a r  in  most mammals e x c e p t  in  
r a b b i t s  where d o r s i f l e x i o n  r e s u l t s  i n  e x t e n s i o n  of  b o th  
f o r e  and h in d  l im b s ,  w h i l e  v e n t r o f l e x i o n  l e a d s  t o  f l e x i o n  
o f  a l l  f o u r  l im b s .  In  g e n e r a l ,  neck r e f l e x e s  r e s u l t  i n  
o p p o s i t e  r e a c t i o n s  i n  t h e  m u s c u la tu r e  o f  d i f f e r e n t  p a i r s  o f  
l im bs  (Magnus, 1 9 2 6 ) .  The c h in  l im bs  e x te n d  w i th  l a t e r a l  
r o t a t i o n s  of  th e  head .  Magnus (1926) a l s o  d e s c r i b e d  t h e s e
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r e f l e x e s  as  h a v in g  a c h a r a c t e r i s t i c a l l y  v a r i a b l e  l a t e n c y ,  
r a n g in g  from a t h i r d  of a second t o  s i x  s e c o n d s .
In  c o n j u n c t i o n  w i th  h i s  d e s c r i p t i o n  of  neck 
r e f l e x e s  Magnus a l s o  d e v o te d  c o n s i d e r a b l e  e f f o r t  in  
d e s c r i b i n g  r e f l e x e s  of  l a b y r i n t h i n e  o r i g i n .  L a b y r in th  
r e f l e x e s  were s t u d i e d  by Magnus i n  i s o l a t i o n  from neck 
r e f l e x e s  by e i t h e r  im m o b i l i z in g  t h e  head ,  neck and t h o r a x  
i n  a p l a s t e r  c a s t  or by s e c t i o n i n g  t h e  f i r s t  t h r e e  d o r s a l  
r o o t s .  By c h an g in g  t h e  p o s i t i o n  of  t h e  head  i n  such 
p r e p a r a t i o n s ,  t h e  r e f l e x  r e s p o n s e  of  t h e  l im bs  can be 
o b s e r v e d .  L ike  neck r e f l e x e s ,  changes  i n  t h e  p o s i t i o n  of  
t h e  head  of  a d e c e r e b r a t e  c a t  (w i th  i n t a c t  l a b y r i n t h s )  
r e s u l t  i n  t o n i c  a l t e r a t i o n s  in  t h e  p o s t u r e  of  t h e  l im b s .  
Magnus and de K l e i j n  (1912) r e p o r t e d  t h a t  t h e s e  t o n i c  
l a b y r i n t h  r e f l e x e s  a f f e c t  a l l  f o u r  l im b s  e q u a l l y .  With each 
p o s i t i o n  o f  t h e  head  i n  space  a c e r t a i n  amount of  e x t e n s o r  
t o n e  i s  a s s o s s i a t e d  w i t h  t h a t  p o s i t i o n .  Magnus and de 
K l e i j n  (1912) r e p o r t e d  t h a t  t h e  e x t e n s o r  to n e  i s  maximal 
when t h e  an im al  i s  b r o u g h t  i n t o  a s u p in e  p o s i t i o n  w i th  th e  
sn o u t  45 d e g r e e s  above th e  h o r i z o n t a l ,  and i s  minimal  w i th  
t h e  an im al  i n  t h e  p rone  p o s i t i o n ,  t h e  sn o u t  45 d e g r e e s  
below t h e  h o r i z o n t a l .  L ike  neck r e f l e x e s ,  l a b y r i n t h  
r e f l e x e s  were d e s c r i b e d  as  h a v in g  l o n g  l a t e n c i e s  v a r y i n g  
from a q u a r t e r  of  a second t o  tw en ty  t h r e e  se c o n d s .  On 
b i l a t e r a l  l a b y r i n th e c to m y  t h e  a l t e r a t i o n s  i n  l imb p o s t u r e  
seen  by chan g ing  t h e  p o s i t i o n  of  t h e  head d i s a p p e a r ,  t h u s  
i n d i c a t i n g  t h a t  th e  l a b y r i n t h s  c o n t r i b u t e  to  t h e i r  
p r o d u c t i o n .  F u r th e rm o re ,  t h e  m agn i tude  of  t h e s e  r e f l e x e s  i s  
i n d e p e n d e n t  of th e  i n i t i a l  a n g u la r  a c c e l e r a t i o n s
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accompanying a p o s i t i o n a l  change .  The t o n i c  r e f l e x  r e f l e c t s  
o n ly  t h e  s t a t i c  head p o s i t i o n  i n  s p a c e .  From t h e s e  
o b s e r v a t i o n s  i t  was p o s s i b l e  f o r  Magnus to  con c lu d e  t h a t  
t h e s e  p o s i t i o n a l  or " a t t i t u d i n a l "  r e f l e x e s  were no t  of 
s e m i c i r c u l a r  o r i g i n ,  s u g g e s t i n g  t h a t  th e  o t o l i t h s  were 
r e s p o n s i b l e  fo r  t h e i r  g e n e r a t i o n .  A l though  e v id e n c e  
s t r o n g l y  s u p p o r t e d  th e  o t o l i t h s  as  t h e  r e c e p t o r s  i n v o lv e d  
i n  t h e s e  t o n i c  r e f l e x e s  and hence  s t r e n g t h e n i n g  B r e u e r ' s  
(1875) c o n c e p t i o n  o f  l a b y r i n t h i n e  f u n c t i o n ,  t h e  p o s i t i v e  
a s s o c i a t i o n  of  th e  o t o l i t h s  w i th  t h e s e  r e f l e x e s  was 
d i f f i c u l t  to  a s c e r t a i n  f o r  t h e  r e a s o n s  d i s c u s s e d  e a r l i e r  
( see  page 1 1 ) .  D e s t r u c t i o n  of  t h e  o t o l i t h s  ( u t r i c l e  and 
s a c c u l u s )  was b e l i e v e d  i m p o s s i b l e  i n  mammals w i t h o u t  
i n f l i c t i n g  damage to  t h e  s e m i c i r c u l a r  c a n a l s  ( though see 
page 2 2 ) ,  though  a non i n t r u s i v e  b u t  n e v e r t h e l e s s  t r a u m a t i c  
t e c h n i q u e  f o r  r e n d e r i n g  t h e  o t o l i t h s  non f u n c t i o n a l  was 
d e v e lo p e d .  F i r s t  d e s c r i b e d  by Wit tmaack (see  de K l e i j n  and 
V e r s t e e g h ,  1927; Magnus, 1926) t h e  t e c h n iq u e  employs h igh  
spe ed  c e n t r i f u g a t i o n  (1000 rpm) o f  a n a e s t h e t i s e d  gu inea  
p i g s .  The c e n t r i p e t a l  f o r c e s  d e v e lo p e d  d e ta c h  th e  o t o l i t h i c  
membranes from th e  m acu lae .  T h is  t h e n  p ro d uces  a 
p r e p a r a t i o n  w i th  i n t a c t  s e m i c i r c u l a r  c a n a l s  in  which 
changes  i n  head p o s i t i o n  do n o t  a l t e r  th e  c o n d i t i o n  of h a i r  
c e l l s  o f  t h e  macula .  Magnus (1 9 26 ) ,  i n  d e s c r i b i n g  such 
a n im a l s ,  s t a t e s  t h a t  a l l  r e f l e x e s  r e s u l t i n g  from p o s i t i o n  
were a b s e n t  a l th o u g h  t r a n s i e n t  r e f e x e s  a r i s i n g  d u r i n g  
changes  in  p o s i t i o n  were s t i l l  p r e s e n t .  The t o n i c  r e f l e x e s  
a r e  t h e r e f o r e  of o t o l i t h i c  o r i g i n  w h i l e  th e  t r a n s i e n t  
r e s p o n s e s  a r e  presumably  s e m i c i r c u l a r  c a n a l  r e f l e x e s .  T h is
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scheme conforms t o  B r e u e r ' s  two g ro u p s  o f  l a b y r i n t h  
r e f l e x e s .  The r e f l e x e s  from t h e  l a b y r i n t h s  a r e  c l a s s i f i e d  
a s  e i t h e r ;  I .  R e f l e x e s  r e s p o n d in g  t o  movement, and I I .  
R e f l e x e s  r e s u l t i n g  from p o s i t i o n .  The above e x p e r im e n t s  
p o s i t i v e l y  i d e n t i f i e d  t h e  v a r i o u s  components o f  th e  
v e s t i b u l a r  sys tem  w i th  one group  o f  r e f l e x e s .  The t o n i c  
r e f l e x  i n c l u d i n g  com pensa to ry  eye p o s i t i o n s ,  l a b y r i n t h i n e  
r i g h t i n g  r e f l e x e s  (o b se rv e d  i n  h ig h  d e c e r e b r a t e s )  and th e  
p r e v i o u s l y  d e s c r i b e d  r e f l e x e s  a c t i n g  on t h e  l im bs  
o r i g i n a t i n g  from t h e  o t o l i t h s .  R o t a t o r y  r e a c t i o n s  such as 
nystagmus o f  t h e  eyes  and head  a lo n g  w i t h  t h e  t r a n s i e n t  
r e s p o n s e s  seen  i n  t h e  l im b s  were  a s s o c i a t e d  w i t h  th e  
c a n a l s .
A f u r t h e r  deve lopm ent  o f  B r e u e r ' s  i d e a s  on th e  
f u n c t i o n  of  th e  o t o l i t h s  and t h e i r  a c t i v a t i o n  came from 
M agnus 's  d e s c r i p t i o n  of  t h e  t o n i c  r e f l e x e s  and t h e  
a n a t o m i c a l  c o n s i d e r a t i o n s  of  u t r i c u l a r  and s a c c u l a r  
p o s i t i o n s  i n  t h e  head .  With t h e  head i n  a p o s i t i o n  where 
t h e  t o n i c  l a b y r i n t h  r e f l e x e s  a r e  a t  a maximum, t h a t  i s  
g r e a t e s t  e x t e n s o r  tone  w i t h i n  t h e  l im b s ,  t h e  o t o l i t h s  a r e  
i n  a p o s i t i o n  where t h e y  p u l l  on t h e  u t r i c u l a r  m acu la ,  t h i s  
s u g g e s t e d  to  Magnus t h a t  maximal e x c i t a t i o n  o f  t h e  m acula r  
e p i t h e l i u m  r e s u l t s  when t h e  o t o l i t h s  p u l l  on i t .
F u r th e rm o re  i t  was a rg u e d  t h a t  t h e  u t r i c u l a r  macula  was 
r e s p o n s i b l e  f o r  t h e  g e n e r a t i o n  o f  t h e  t o n i c  r e f l e x e s ,  t h e  
s a c c u l a r  macula  seem in g ly  n o t  b e in g  i n v o l v e d .  The l a t t e r  
was c o n f i rm ed  f o l l o w i n g  t h e  deve lopm ent  of t e c h n i q u e s  t h a t  
a l lo w  th e  s a c c u l u s  to  be removed w i t h o u t  damage to  t h e  
u t r i c l e  or s e m i c i r c u l a r  c a n a l s  ( see  de K l e i j n ,  1 9 2 3 ) .  T h is
page 18
o p e r a t i o n  was p e r fo rm ed  on r a b b i t s  who s u b s e q u e n t ly  showed 
a l l  l a b y r i n t h i n e  r e f l e x e s ,  w i th  no e v id e n c e  of  sp o n ta n eo u s  
v e s t i b u l a r  d i s t u r b a n c e s  (de K l e i j n ,  1923; de K l e i j n  and 
V e r s t e e g h  1 9 2 7 ) .  From t h e s e  e x p e r i m e n t a l  o b s e r v a t i o n s  th e  
c o n c l u s i o n  was r e a c h e d  t h a t  th e  u t r i c l e  was r e s p o n s i b l e  f o r  
t h e  o b s e r v e d  t o n i c  r e f l e x e s ,  and t h a t  maximal and minimal  
u t r i c u l a r  e x c i t a t i o n  r e s u l t s  when t h e  o t o l i t h s  a r e  i n  
p o s i t i o n s  t h a t  p u l l  upon and compress  t h e  s e n s o r y  
e p i t h e l i u m  r e s p e c t i v e l y .  De K l e i j n  and Magnus 's  (1921) 
o b s e r v a t i o n s  s u g g e s t e d  t h a t  t e n s i o n  or p u l l  on t h e  s e n s o r y  
h a i r  c e l l s  o f  t h e  macula  was t h e  e f f e c t i v e  s t i m u l u s  i n  t h e  
g e n e r a t i o n  of  t o n i c  l a b y r i n t h  r e f l e x e s .  A c c o r d i n g l y ,  and i n  
a g re em e n t  w i th  t h e  w r i t i n g s  of  Magnus, i t  i s  e x p e c t e d  t h a t  
movements o f  t h e  head away from t h e  minimal  p o s i t i o n  
(p ro n e ,  mouth 45 d e g r e e s  below h o r i z o n t a l )  would r e s u l t  i n  
u t r i c u l a r  e x c i t a t i o n  in d e p e n d e n t  o f  t h e  d i r e c t i o n  o f  
movement. A d d i t i o n a l l y  Magnus (1926) c l a im s  t h a t  each  
u t r i c l e  a f f e c t s  bo th  i p s i l a t e r a l  and c o n t r a l a t e r a l  l im bs  
e q u a l l y ,  w i th  no a l t e r a t i o n s  of  t o n i c  l a b y r i n t h i n e  r e f l e x e s  
on t h e  l im b s  o c c u r r i n g  f o l l o w i n g  u n i l a t e r a l  
l a b y r i n t h e c t o m y .  R e f l e x e s  were o b s e rv e d  t o  be sy m m etr ica l  
a f t e r  a b l a t i o n  of  one l a b y r i n t h  (Magnus, 19 2 6 ) .
The i d e a s  of  Magnus and h i s  c o l l a b o r a t o r s  were 
b a se d  on o b s e r v a t i o n s  of  l imb p o s t u r e  f o l lo w in g  changes  i n  
head  p o s i t i o n .  D e s p i t e  t h e  g e n e r a l i t y  of  Magnus 's  t h e o r i e s  
on u t r i c u l a r  i n f l u e n c e s  on t h e  l im b s ,  t h e  p u b l i s h e d  
e x p e r i m e n t a l  p r o t o c o l s  (Magnus, 1926) seem only  to  i n v o lv e  
p o s i t i o n a l  changes  w i t h i n  t h e  s a g g i t a l  p l a n e .  In a d d i t i o n .
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Magnus made t h e  i m p o r t a n t  d i s t i n c t i o n  between r e f l e x e s  
a r i s i n g  from s t i m u l a t i o n  of  t h e  o t o l i t h s ,  and t h o s e  a r i s i n g  
from t h e  s e m i c i r c u l a r  c a n a l s .  The d i f f e r e n c e  between t h e  
two sy s te m s  o f  r e f l e x e s  was i n  ag reem en t  w i th  t h e  o r i g i n a l  
scheme of  r e f l e x  a c t i o n s  s u g g e s t e d  by B reuer  (1898) .
From a f u n c t i o n a l  view p o i n t  l a b y r i n t h  and neck 
r e f l e x e s  must be c o n s i d e r e d  t o g e t h e r .  In  Magnus 's  scheme of  
s y m m e t r i c a l  l a b y r i n t h  and a sy m m e tr i c a l  neck r e f l e x e s  t h e  
p ro p o s e d  c o - o p e r a t i o n  between r e f l e x e s  seen  i n  t h e  
d e c e r e b r a t e  p r e p a r a t i o n  were th o u g h t  t o  occur  in  t h e  
n a t u r a l  a t t i t u d e s  of  i n t a c t  a n im a l s  d u r i n g  d a i l y  l i f e .  A 
movement o f  t h e  head ,  f o r  example ,  i n  which a c a t  r a i s e s  
i t s  head  t o  gaze  upwards r e s u l t s  i n  b o th  l a b y r i n t h  and neck 
r e f l e x e s .  The assumed p o s t u r e ,  i . e . ,  e x te n d e d  f o r e l i m b s  and 
f l e x e d  h in d l im b s  r e s u l t s  from t h e  a l g e b r a i c  sum of  two 
r e f l e x  s y s t e m s .  The l a b y r i n t h i n e  component i s  e q u a l  i n  a l l  
l i m b s ,  b u t  t h e  d o r s i f l e x i o n  o f  t h e  neck r e s u l t i n g  from t h e  
upward head  movement l e a d s  t o  t h e  a d o p t i o n  of  an 
a sy m m e t r i c a l  p o s t u r e ,  which i s  c h a r a c t e r i s e d  by f o r e l i m b  
e x t e n s i o n  and h in d l im b  f l e x i o n .  Thus i n  Magnus 's  scheme t h e  
e f f e c t s  on t h e  l im bs  come from two s o u r c e s ;  (1) t o n i c  
l a b y r i n t h  r e f l e x e s  a f f e c t i n g  t h e  l im b s  d i r e c t l y ,  and (2) by 
neck r e f l e x e s  r e s u l t i n g  from t h e  ch an g ing  a t t i t u d e  of  t h e  
head  on t h e  neck .
The t h e o r i e s  o f  Magnus on v e s t i b u l a r  f u n c t i o n  were 
w id e ly  a c c e p t e d  by th e  co n tem pora ry  s c i e n t i f i c  community,  
and i n  consequence  o t h e r  w o rk e r s  i n v e s t i g a t i n g  t o n i c  
r e f l e x e s  d i s c u s s e d  t h e i r  r e s u l t s  w i t h i n  t h e  framework 
d e s c i b e d  by Magnus. N o te a b le  in  t h i s  r e s p e c t ,  f o r  example.
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i s  t h e  work of  B e r i t o f f  (1914, 1915) on t h e  r e c i p r o c a l  
r e l a t i o n s  be tween a n t a g o n i s t  m u sc le s  d u r i n g  l a b y r i n t h  and 
neck  r e f l e x e s .  Working w i t h  d e c e r e b r a t e  c a t s  B e r i t o f f  
(1914,  1915) r e p o r t e d  t h a t  changes  i n  head  p o s i t i o n  
r e l a t i v e  to  t h e  t r u n k  d id  n o t  a lways r e s u l t  i n  a change i n  
t h e  to n e  of  t h e  l imb m u s c le s .  However, i n  t h e  ab sen c e  of a 
t o n i c  r e f l e x  t h e  p r e s e n t a t i o n  of some form of p e r i p h e r a l  
s t i m u l a t i o n  r e s u l t e d  i n  th e  r e l e a s e  of  t h e  r e f l e x .  A l though  
B e r i t o f f * s  e x p e r i m e n t a l  p r o t o c o l s  show t h a t  bo th  
l a b y r i n t h i n e  and neck i n f l u e n c e s  must  be a l t e r e d  t o  some 
e x t e n t  d u r i n g  any o f  t h e  p o s i t i o n a l  c han g es  used ,  l i t t l e  
a t t e m p t  was made to  e x p e r i m e n t a l l y  i s o l a t e  one r e f l e x  from 
t h e  o t h e r .  B e r i t o f f  a p p a r e n t l y ,  p r e f e r r e d  t o  r e l y  on th e  
r e s u l t s  o f  Magnus i n  t h e  d i s c u s s i o n  of  h i s  own f i n d i n g s .  In  
co n seq u e n ce  t h e  r e s u l t s  c o n c e rn in g  l a b y r i n t h i n e  a c t i o n s  a r e  
d i f f i c u l t  t o  a s s e s s  as t h e r e  i s  c o n ta m i n a t i o n  from neck 
p r o p r i o c e p t i v e  i n p u t .  In  one e x p e r im e n t ,  however ,  B e r i t o f f  
d e s t r o y e d  b o th  l a b y r i n t h s .  The r e s u l t s  from t h i s  e x p e r im e n t  
show t h a t  t w i s t i n g  of  t h e  neck p ro d u c e s  r e c i p r o c a l  changes  
i n  t h e  a c t i v i t y  of  a n t a g o n i s t  f o r e l i m b  m u s c le s .  The 
d i r e c t i o n  of  r e s p o n se  co n f i rm ed  M agnus 's  scheme of  neck 
r e f l e x e s .
Magnus's description of tonic labyrinthine reflexes 
formed the basis for a number of investigations, the 
acceptance of Magnus's acounts of these reflexes, however, 
resulted in most workers looking, as Beritoff did, at only 
two different static head positions when examiming 
positional reflexes. These positions corresponded to the 
position of maximal and minimal extensor tone. Denny-Brown
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(1929) i n v e s t i g a t e d  t h e  e f f e c t  o f  l a b y r i n t h  and neck 
r e f l e x e s  on r e d  and p a l e  m usc le s  i n  t h i s  way, showing t h a t  
t h e  t o n i c  r e f l e x e s  a r e  most p ro m in e n t  i n  t h e  deep r ed  
m u s c l e s .  S i m i l a r l y ,  P o l lo c k  and D a v is  (1930a) i n  comparing 
t h e i r  anaemic d e c e r e b r a t e s  w i th  t h e  S h e r r i n g t o n i a n  
d e c e r e b r a t e  p r e p a r a t i o n  used  t h e  r e f l e x  scheme of  Magnus i n  
h i g h l i g h t i n g  t h e  s i m i l a r i t i e s  and d i f f e r e n c e s  between th e  
two p r e p a r a t i o n s .  S e v e r a l  s t u d i e s  on l a b y r i n t h  r e f l e x e s ,  
however ,  d e m o n s t r a t e d  t h a t  under  c e r t a i n  c i r c u m s ta n c e s  t h e  
scheme o f  r e f l e x e s  d e s c r i b e d  by Magnus c o u ld  n o t  e x p l a i n  
t h e i r  o b s e r v a t i o n s .
1 . 3 . 0  The p rob lem s  a s s o c i a t e d  w i t h  Magnus 's  scheme and t h e  
e x p e r i m e n t a l  e v id e n c e  a g a i n s t  i t .
O u t l i n e :  R e c o g n i t i o n  o f  f u n c t i o n a l l y  i n a p p r o p r i a t e
l a b y r i n t h  r e f l e x e s  f o r  some p o s t u r a l  d i s t u r b a n c e s .  The 
e x p e r i m e n t s  of  T a i t  and McNally s u g g e s t i v e  of  a sy m m e tr ic a l  
p a t t e r n  of  r e f l e x e s .  C o n t r i b u t i o n s  t o  t h e  c o n t r o v e r s y  found 
i n  t h e  work of  Rademaker and D usse r  de Barenne on t i l t  and 
r o t a r y  r e a c t i o n s  o f  a n im a l s .
A sym m etr ica l  form o f  r e f l e x e s  o r i g i n a t i n g  from th e  
l a b y r i n t h s  on s t r i c t l y  f u n c t i o n a l  t e rm s  f a i l s  t o  p r o v i d e  an 
an im a l  w i th  t h e  c a p a b i l i t y  to  s t a b i l i z e  e q u i l i b r i u m  d u r i n g  
most  s i t u a t i o n s  f o l l o w i n g  a d i s t u r b a n c e  of  head  p o s i t i o n ,  
or  d u r i n g  v o l u n t a r y  c h an ges  i n  head  p o s i t i o n .  For example a 
q u a d ru ped  s t a n d i n g  on a p l a t f o r m  which i s  t i l t e d  abou t  any 
h o r i z o n t a l  a x i s  w i l l  i n  M agnus 's  scheme of sy m m etr ica l
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r e f l e x e s  show e q u a l  c han g es  i n  to n e  i n  a l l  f o u r  l im b s .  Such 
b e h a v i o u r  c o u ld  r e a s o n a b l y  be e x p e c te d  t o  r e s u l t  i n  
p o s t u r a l  c h an g e s  t h a t  do n o t  compensa te  f o r  t h e  
r e d i s t r i b u t i o n  o f  w e ig h t  over  t h e  s u p p o r t  a r e a ,  and so 
c o u ld  r e s u l t  i n  a  s i t u a t i o n  i n  which t h e  e q u i l i b r i u m  o f  t h e  
a n im a l  would be t h r e a t e n e d .
D e p a r t u r e s  from Magnus 's  sy m m et r ica l  scheme o f  
r e f l e x e s  were  f i r s t  o b se rv e d  i n  t h e  b e h a v io u r  of  a n im a l s  
s u b j e c t e d  t o  s t a t i c  p o s i t i o n a l  changes  or  t o  r o t a t o r y  
t e s t s .  T a i t  and McNally (1925a,  b) showed i n  f r o g s ,  t h a t  
r o t a t i o n s  a b o u t  a l o n g i t u d i n a l  a x i s  r e s u l t e d  an a sym m etr ic  
p o s t u r e  o f  t h e  l im b s .  On slow r o t a t i o n  to  t h e  r i g h t ,  a b o u t  
a  l o n g i t u d i n a l  a x i s  a s im u l t a n e o u s  e x t e n s i o n  of  t h e  r i g h t  
f o r e l i m b  and f l e x i o n  o f  t h e  l e f t  f o r e l i m b  was o b s e r v e d .
These co m pensa to ry  r e a c t i o n s ,  p e r s i s t e d  when t h e  an im a l  was 
h e l d  c o n t i n u o u s l y  i n  a  t i l t e d  p o s i t i o n .  On r o t a t i o n  tow ard  
t h e  l e f t  t h e  p o s t u r e s  o f  t h e  l im bs  a l t e r e d ,  t h e  l e f t  
f o r e l i m b  becoming e x te n d e d  and t h e  r i g h t  f o r e l i m b  f l e x e d .  
F o l lo w in g  t o t a l  a b l a t i o n  of  a l l  s i x  a m p u l l a ^ ( T a i t  &
McNally, 1925b) t h e  above r e s p o n s e s  can s t i l l  be o b s e r v e d ,  
b u t  on d e s t r u c t i o n  of  t h e  o t o l i t h s  t h e s e  r e a c t i o n s  a r e  
l o s t .  F u r th e r m o r e ,  s a c c u l a r  a b l a t i o n  i n  an o t h e r w i s e  i n t a c t  
f r o g  does  n o t  a f f e c t  t h e s e  " g r a v i t y  r e s p o n s e s " .  T a i t  and 
McNally c o n c lu d ed  t h a t  t h e  o b se rv e d  com pensa to ry  r e a c t i o n s  
were d e p en d e n t  on t h e  u t r i c l e s  ( T a i t  & McNally, 1925b) .
Asymmetric r e a c t i o n s  t o  r o t a t o r y  movements had been 
p r e v i o u s l y  r e p o r t e d  by D usser  de Barenne  (1918) ,  who d id  
n o t  t e s t  s t a t i c  p o s i t i o n s .  Dusser  de Barenne (1918) 
r e p o r t e d  t h a t  i f  a f r o g  i s  suspended  v e r t i c a l l y  by a t h r e a d
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and a t w i s t  a p p l i e d  so as  t o  i n i t i a t e  r o t a t i o n  s lo w ly  abou t  
t h e  l o n g i t u d i n a l  a x i s  t h e  h i n d l e g s  assume an a sy m m e tr ic a l  
p o s i t i o n .  For example ,  r o t a t i o n  to  t h e  l e f t  r e s u l t s  i n  
a b d u c t i o n  and e x t e n s i o n  of  t h e  r i g h t  l e g  w h i l e  t h e  l e f t  l e g  
becomes f l e x e d  a t  t h e  knee .  As t h e  d i r e c t i o n  of r o t a t i o n  
r e v e r s e s ,  a s  a r e s u l t  of t h e  t h r e a d  u n t w i s t i n g  i t s e l f ,  t h e  
a t t i t u d e s  o f  t h e  l im bs  a l s o  become r e v e r s e d .  These 
r e s p o n s e s  were shown to  be dep en d an t  on t h e  i n t e g r i t y  of  
t h e  l a b y r i n t h s .  These r e f l e x e s  were n o t  e q u i v a l e n t  t o  th e  
s t a t i c  r e f l e x e s  r e p o r t e d  by T a i t  and McNally ( 1 9 2 5 a ) , b u t  
would a p p e a r  to  o r i g i n a t e  from s t i m u l a t i o n  of  s e m i c i r c u l a r  
c a n a l s ,  p a r t i c u l a r l y ,  t h e  v e r t i c a l  c a n a l s .  Rademaker (1935) 
a l s o  r e p o r t e d  t h e  a p p e a ra n c e  of  s i m i l a r  r e f l e x e s  to  t h o s e  
d e s c r i b e d  by Dusser  de B arenn e .  By e x po s in g  a n im a ls  (main ly  
dogs)  t o  r o t a t i o n s  i n  a h o r i z o n t a l  p l a n e  Rademaker 
d e m o n s t r a t e d  asym m etr ic  r e f l e x e s  o f  l a b y r i t h i n e  o r i g i n  t h a t  
were  d e p en d a n t  on d i r e c t i o n  of  r o t a t i o n .  Rademaker, more 
i m p o r t a n t l y ,  o b s e rv e d  t h a t  p a s s i v e l y  t i l t i n g  t h e  s u p p o r t  
s u r f a c e  of  a b l i n d f o l d e d  a n im a l ,  s t a n d i n g  w i t h  l o n g i t u d i n a l  
a x i s  p a r a l l e l  to  th e  a x i s  o f  t i l t ,  r e s u l t e d  i n  e x t e n s i o n  of  
t h e  d o w n h i l l  l im bs  and f l e x i o n  o f  t h e  u p h i l l  l im b s .  The 
p a s s i v e  d i s p l a c e m e n t  of  t h e  an im al  l e a d i n g  t o  t h e  a d o p t io n  
o f  a t t i t u d e s  t h a t  s t a b i l i z e  t h e  t r u n k .  The a b i l i t y  to  
com pensa te  f o r  changes  i n  t h e  s u p p o r t  s u r f a c e  i s  l o s t  
f o l l o w i n g  b i l a t e r a l  l a b y r i n t h e c t o m y .  The r e a c t i o n s  o b se rv e d  
by Rademaker were made on i n t a c t  a n im a l s .  I n v e s t i g a t i n g  
l a b y r i n t h  r e f l e x e s ,  and i n  p a r t i c u l a r  t o n i c  r e f l e x e s  in  
d e c e r e b r a t e  p r e p a r a t i o n ,  Rademaker n o te d  t h a t  whole body 
r o t a t i o n s  o f  sm a l l  a m p l i tu d e  a b o u t  a f r o n t o —o c c i p i t a l  a x i s
page 24
were i n e f f e c t i v e  i n  augmenting  e l e c t r o m y o g r a p h i c  (EMG) 
a c t i v i t y  from b i c e p s  or t r i c e p s  o f  t h e  f o r e l i m b .  But on 
r e a c h i n g  a p o s i t i o n  80-90 d e g re e s  from t h e  normal a marked 
f a c i l i t a t i o n  i n  EMG of  b o th  m usc les  was o b s e r v e d .  With 
r o t a t i o n s  beyond t h i s  i t  was n o ted  t h a t  t h i s  a u g m e n ta t io n  
o f  r i g i d i t y  d e c r e a s e d ,  t h e  a m p l i tu d e  of  t h e  EMG 
p r o g r e s s i v e l y  d i m i n i s h e s  as th e  u p s id e  down p o s i t i o n  was 
a p p r o a c h e d .  Two f e a t u r e s  of  t h i s  work a r e  i m p o r t a n t .  F i r s t ,  
on moving from t h e  mimimal to  maximal p o s i t i o n s  o f  Magnus 
and de K l e i j n ,  t h e  EMG p a s s e s  th ro u g h  a p e r i o d  of  maximum 
a c t i v i t y  c o r r e s p o n d i n g  to  when th e  an im al  i s  i n  t h e  l a t e r a l  
p o s i t i o n  ( h a l f  way be tw een  minimal and maximal p o s i t i o n s ) . 
Second ,  t r i c e p s  and b i c e p s  become c o a c t i v a t e d  on moving 
from a normal  to  a l a t e r a l  p o s i t i o n  (see  Rademaker,  1935 
F i g s .  88 and 8 9 ) .  S i m i l a r  r e s u l t s  were found on r o t a t i o n s  
a b o u t  a b i t e m p o r a l  a x i s ,  t h e  maximal a c t i v i t y  o c c u r r i n g  a t  
some p o i n t  midway be tw een  t h e  p o s i t i o n s  o f  "maximal" and 
"m in im al"  t o n e .  Rademaker does n o t  i n d i c a t e  which s i d e  he 
was r e c o r d i n g  f rom ,  and t h e r e f o r e  does n o t  n o te  w h e th e r  th e  
r e a c t i o n s  o f  b o th  f o r e l i m b s  d u r in g  l a t e r a l  r o t a t i o n s  were 
t h e  same. What he was c l e a r  a b o u t ,  however,  was t h a t  h i s  
r e s u l t s  d id  n o t  a g re e  w i th  th o se  of Magnus, nor w i th  t h e  
c o n c l u s i o n s  o f  B e r i t o f f  (1915) c o n c e rn in g  t h e  r e c i p r o c a l  
form of  l a b y r i n t h  r e f l e x e s .  Although aware of th e  
d i f f e r e n c e s  seen  between h i s  own work and t h a t  of Magnus 
(1 9 2 6 ) ,  Rademaker (1935, page 180) s u g g e s t e d  t h a t  (pe rh ap s)  
t h e s e  d i f f e r e n c e s  may be a t t r i b u t e d  to  some f a u l t  i n  h i s  
(Rademaker ' s) e x p e r im e n t .  Rademaker con c lu d ed  t h a t  t h e  
a b se n c e  of a d i f f e r e n c e  in  EMG a c t i v i t y  a t  th e  minimal  and
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maximal p o s i t i o n s  was a consequence  of  e i t h e r  a d a p t a t i o n  or 
f a t i g u e  i n  t h e  m u sc le s ,  r a t h e r  t h a n  a c c e p t  t h e  c o n c l u s i o n  
t h a t  t h e  r e f l e x  scheme d e s c r i b e d  by Magnus may have been 
i n c o r r e c t .  In  d i s a g re e m e n t  w i th  B e r i t o f f  (19 1 5 ) ,  Rademaker 
m a i n t a i n s  t h a t  B e r i t o f f ' s  e x p e r im e n t s  c o n c e rn in g  t h e  r o l e  
o f  e x t e n s o r s  and f l e x o r s  d u r in g  t o n i c  l a b y r i n t h  r e f l e x e s  
a r e  m i s l e a d i n g  due to  t h e  r e a s o n s  o f  c o n ta m i n a t i o n  from 
neck r e f l e x e s  (see  e a r l i e r  f o r  more d e t a i l e d  i n f o r m a t i o n ) . 
R a d em ak e r ' s  r e s u l t s  s u g g e s t  t h a t  c o a c t i v a t i o n  of  f l e x o r s  
and e x t e n s o r s  i s  th e  p red o m in an t  p a t t e r n  d u r i n g  t o n i c  
l a b y r i n t h  r e f l e x e s ,  r a t h e r  th a n  one of r e c i p r o c a t i n g  
a c t i v i t y .  The combined works o f  Rademaker (1935) and of 
T a i t  and McNally (1925a,  b) on b o th  i n t a c t  and d e c e r e b r a t e  
p r e p a r a t i o n s ,  d e s p i t e  a r e l u c t a n c e  to  open ly  c o n t r a d i c t  
M agnus 's  t h e o r y  of l a b y r i n t h i n e  r e f l e x e s  and o t o l i t h  
f u n c t i o n ,  r e v e a l  s e v e r a l  f e a t u r e s  t h a t  c an n o t  be e x p l a i n e d  
by t h e  w id e ly  a c c e p te d  v iew s  of  t h e  t im e .  The major conce rn  
was t h a t  l a t e r a l  t i l t s  away from norm al ,  and t h e r e f o r e  
d i s p l a c e m e n t s  o f  t h e  u t r i c u l a r  o t o l i t h s ,  do n o t  r e s u l t  in  
a t t i t u d i n a l  l imb r e f l e x e s  t h a t  conform to  a t h e o r y  of  
u t r i c u l a r  f u n c t i o n  i n  which movements i n  any d i r e c t i o n  ou t  
o f  t h e  normal r e s u l t  i n  e x c i t a t i o n .
1 . 4 . 0  New techniques and a new approach to_th_eories. on 
labyrinth reflex behaviour.
O u t l i n e :  A d r i a n ' s  e x p e r im e n t s  r e c o r d i n g  from b r a i n s t e m
n e u ro n e s  r e s p o n s i v e  to  t i l t .  The d e s c r i p t i o n  of  d i f f e r e n t  
c l a s s e s  o f  r é p o n s e .  U t r i c u l a r  n e rv e  r e c o r d i n g  by L ow ens te in
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and R o b e r t s  and t h e  p r e s e n t a t i o n  of  a scheme of  r e f l e x  
f u n c t i o n  b a sed  on t h e i r  r e c o r d i n g s .  T h e o r e t i c a l  
c o n s i d e r a t i o n  of  o t o l i t h  and neck r e f l e x  i n t e r a c t i o n  by von 
H o l s t  and M i t t l e s t a d t .  The d i f f e r e n c e s  between t h e  models 
o f  L o w en s te in  and R o b e r t s  and of  von H o l s t  and M i t t l e s t a d t .
A d r ian  (1943) r e c o r d e d  s i n g l e  v e s t i b u l a r  u n i t  
a c t i v i t y  from th e  v e s t i b u l a r  n u c l e i  o f  d e c e r e b r a t e  c a t s .
Two c l a s s e s  o f  r e s p o n se  were found .  One g roup  of  u n i t s  were 
shown t o  be r e s p o n s i v e  to  a n g u la r  a c c e l e r a t i o n s ,  w h i l e  a 
second  group  e x h i b i t e d  an o u t p u t  d e p en d an t  on t h e  p o s i t i o n  
o f  t h e  head i n  s p a c e .  The u n i t s  r e s p o n s i v e  to  a n g u la r  
a c c e l e r a t i o n s  showed t h e  f o l l o w in g  f e a t u r e s :  most p o s s e s s e d  
a r e s t i n g  d i s c h a r g e  and showed b i d i r e c t i o n a l  r e s p o n s e s  to  
p o s i t i v e  and n e g a t i v e  a n g u l a r  a c c e l e r a t i o n s .  R o t a t i o n s  i n  
t h e  p l a n e  of  a p a r t i c u l a r  c a n a l  r e s u l t e d  i n  e i t h e r  an 
i n c r e a s e  or  a d e c r e a s e  in  t h e  f i r i n g  r a t e  of  r e s p o n s i v e  
u n i t s .  Thus am pu l la  l e a d i n g  and am pu l la  t r a i l i n g  
a c c e l e r a t i o n s  were b o th  r e c o g n iz e d  as  e f f e c t i v e  s t i m u l i  f o r  
t h e  s e m i c i r c u l a r  c a n a l s ,  t h e s e  o b s e r v a t i o n s  a g r e e i n g  w i t h  
E d w a ld ' s  (1896) t h e o r y  of  c a n a l  f u n c t i o n .  [From t h e s e  
r e s u l t s ,  and th o s e  of  S t e in h a u s s e n  (1933) ,  who had 
d e m o n s t r a t e d  t h a t  t h e  c u p u la  e x te n d ed  a c r o s s  t h e  a m p u l la ry  
s w e l l i n g  i t  was r e c o g n i s e d  t h a t  t h e  endolymph and c u p u la  
form a r i g i d l y  c o u p le d  sy s tem ,  t h e  dynamics of  which 
ap p ro a ch  th o s e  of a h i g h ly  damped t o r s i o n  pendulum 
( S t e i n h a u s e n ,  1933; Van Egmond, Groen & J o n g k e e s ,  1 9 4 9 ) . ]
The d e m o n s t r a t i o n  o f  a r e s t i n g  d i s c h a r g e  from t h e  
c a n a l s  d id  no t  conform to  t h e  most a c c e p t e d  t h e o r i e s  of
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v e s t i b u l a r  f u n c t i o n .  In  M agnus 's  (1926) t h e o r y ,  a l l  r e s t i n g  
a c t i v i t y  from th e  v e s t i b u l a r  sys tem  r e s u l t e d  from t h e  
w e ig h t  of  t h e  o t o l i t h s  upon t h e  s e n s o r y  macula  -  t h i s  
a c t i v i t y  i n  t u r n  c o n t r i b u t i n g  to  t h e  m a in ten a n ce  of  to n e  i n  
v a r i o u s  m usc le  g ro u p s .  C l e a r l y ,  i n  t h e  l i g h t  o f  A d r i a n ' s  
r e s u l t  t h e  r e s t i n g  o u t p u t  from t h e  c a n a l  s e n s i t i v e  u n i t s  
c o u ld  a l s o  be c o n s i d e r e d  t o  c o n t r i b u t e  to  t h e  m a in ten a n ce  
o f  t o n e .
A f u r t h e r  o b j e c t i o n  t o  Magnus 's  t h e o r y  r e s u l t e d  
from t h e  b e h a v io u r  o f  u n i t s  d e s c r i b e d  by A d r ian  to  be 
g r a v i t y  r e c e p t o r s .  These u n i t s  d i s p l a y e d  r e s p o n s e s  t h a t  
were  d e p e n d a n t  on t h e  p o s i t i o n  of  t h e  head r e l a t i v e  t o  t h e  
v e r t i c a l  and a l s o  showed s e n s i t i v i t y  to  l i n e a r  
a c c e l e r a t i o n s .  On l a t e r a l  t i l t s  of  t h e  head a l l  u n i t s  
showing p o s i t i o n  s e n s i t i v i t y  d i s p l a y e d  an i n c r e a s e  in  
f i r i n g  on lo w e r in g  t h e  r e c o r d i n g  s i t e  ( s i d e - d o w n ) , and a 
d e c r e a s e d  r a t e  w i th  o p p o s i t e  t i l t s  ( s i d e - u p ) . A d r ian  
r e p o r t e d  t h a t  t h i s  ty p e  of  u n i t  co u ld  be found r e l a t i v e l y  
e a s i l y  b u t  u n i t s  r e s p o n d in g  to  t i l t s  a b o u t  a b i t e m p o r a l  
a x i s  were v e ry  d i f f i c u l t  t o  l o c a t e .  Of t h e  u n i t s  showing a 
r e s p o n s e  to  l a t e r a l  t i l t s  a l l  d i s p l a y e d  an i n c r e a s e d  o u t p u t  
when s u b j e c t e d  to  l i n e a r  a c c e l e r a t i o n s  away from t h e  
r e c o r d i n g  s i d e .  T h is  b e h a v io u r  i n d i c a t e s  t h a t  such 
a c c e l e r a t i o n s  have th e  same e f f e c t  on t h e s e  c e l l s  as  a 
g r a v i t a t i o n a l  p u l l  tow ard  t h e  r e c o r d i n g  s i d e .  G r a v i ty  
r e s p o n s i v e  u n i t s  a l l  i n c r e a s e d  d i s c h a r g e  r a t e s  w i th  t i l t s  
i n  one d i r e c t i o n ,  w i th  t h e  d i s c h a r g e  b e in g  red uced  or 
s i l e n c e d  w i t h  t i l t s  i n  t h e  o p p o s i t e  d i r e c t i o n .  These 
r e s u l t s  r e v e a l  a f u r t h e r  p o s s i b l e  problem w i th  Magnus 's
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i n t e r p r e t a t i o n  o f  o t o l i t h  m echan ics .  In  M agnus 's  scheme 
u t r i c u l a r  u n i t s  may be e x p e c te d  t o  i n c r e a s e  d i s c h a r g e  r a t e s  
w i t h  any d i r e c t i o n  of  movement away from t h e  normal and n o t  
show an a sym m etr ic  r e s p o n se  to  o p p o s i t e  d i r e c t i o n  of  t i l t s  
a s  found  by A d r i a n .  A dr ian  (1943) r e c o r d e d  from th e  b r a i n  
stem of  d e c e r e b r a t e  c a t s  i n  t h e  v i c i n i t y  o f  t h e  v e s t i b u l a r  
n u c l e i ,  c o n s e q u e n t l y ,  t h e  m a j o r i t y  o f  h i s  r e c o r d i n g s  w i l l  
have  been  from seco n d a ry  n e u ro n e s ,  and t h e  r e s u l t s  may on ly  
be i n d i c a t i v e  of  t h e  re s p o n se  dynamics of  t h e  v e s t i b u l a r  
o t o l i t h  sy s te m ,  and t h e r e f o r e  does  n o t  c o n s t i t u t e  a 
c o m p le te  c a se  a g a i n s t  Magnus.
L ow ens te in  and R o b e r t s  (1950) d e s c r i b e d  t h e  p r im a ry  
a f f e r e n t  r e s p o n s e s  to  t i l t  from t h e  i s o l a t e d  o t o l i t h  o rgans  
o f  t h e  t h o r n b a c k  r a y .  L a t e r a l  and f o r e  and a f t  t i l t s  were 
employed .  R e co rd in g  from u t r i c u l a r  and s a c c u l a r  a f f e r e n t s  
i t  was found t h a t  most u n i t s  r e sp o nd ed  t o  f o r e  and a f t  
t i l t s  as  w e l l  as  l a t e r a l  t i l t s .  The u n i t s  c a p a b le  of 
c a r r y i n g  a p o s i t i o n  d ependan t  s i g n a l  - t h e  s t a t i c  p o s i t i o n  
r e c e p t o r s -  a l l  showed, on m a i n t a i n e d  l a t e r a l  d e v i a t i o n s  
from t h e  norm al ,  a d e c r e a s e d  a c t i v i t y  w i th  s ide -dow n t i l t s  
and a maximum o u tp u t  in  s i d e - u p  p o s i t i o n s .  (S id e -u p  t i l t s  
were  d e f i n e d  as  l a t e r a l  r o t a t i o n s  which a c t e d  t o  r a i s e  th e  
r e c o r d i n g  s i t e ,  w h i l e  s ide -down t i l t s  c o r r e s p o n d  t o  l a t e r a l  
t i l t s  which low ered  t h e  r e c o r d i n g  s i t e . )  The m a j o r i t y  of 
t h e s e  u n i t s  were l o c a t e d  l a t e r a l l y  on t h e  macula  s u r f a c e .
Of t h i s  p o p u l a t i o n  of  u n i t s  some a l s o  re spo n ded  w i th  an 
i n c r e a s e d  d i s c h a r g e  w i th  nose -up  t i l t s  and a d e c r e a s e d  
d i s c h a r g e  w i th  nose—down t i l t s ,  w h i l e  o t h e r s  responded  
o p p o s i t e l y  to  such t i l t s .  Thus two g rou p s  of  s e n se  e nd in gs
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were d e s c r i b e d ,  one r e s p o n d in g  w i t h  an i n c r e a s e  in  
d i s c h a r g e  to  c o m b in a t io n s  of  s i d e - u p  and n o se —up 
d i s p l a c e m e n t s ,  t h e  o t h e r  to  s i d e - u p  and nose-down 
d i s p l a c e m e n t s .  From t h i s  r e s u l t  i t  was deduced t h a t  t h e  
a p p r o p r i a t e  s t i m u l i  to  t h e  neurom ast  c e l l s  i s  a m ed ia l  
d e f l e c t i o n  of  t h e  o t o l i t h  o r g a n s .  And, f o l l o w i n g  from t h i s  
i t  was f u r t h e r  su g g e s t e d  t h a t  th e  s i d e - u p ,  n o se -u p  
r e c e p t o r s  ough t  to  be l o c a t e d  i n  t h e  a n t e r i o - l a t e r a l  
p o r t i o n  o f  t h e  u t r i c u l a r  macula  and t h e  s i d e - u p ,  nose-down 
r e c e p t o r s  i n  t h e  p o s t e r o - l a t e r a l  p o r t i o n  of  t h e  m acu la .
In  a d d i t i o n  Low ens te in  and R o b e r t s  (1950) a rg u e d  
t h a t  i f  - a s  had been su g g e s t e d  by B re u e r  (1898) and 
s u b s e q u e n t l y  by Magnus and de K l e i j n  ( se e  de K l e i j n ,  1923; 
Magnus, 1924 ,  1925, 1 9 2 6 ) -  a perm anent  a s s o c i a t i o n  between 
c e r t a i n  m acula  a r e a s  and g roups  of  e f f e c t o r  m usc les  
e x i s t e d ,  t h e n  t h e  o t o l i t h s  a r e  c h i e f l y  c o n c e rn e d  w i t h  t h e  
c o n t r o l  o f  th e  c o n t r a l a t e r a l  a n t i g r a v i t y  m u sc le s  r a t h e r  
t h a n  e x e r t i n g  an e q u a l  i n f l u e n c e  b i l a t e r a l l y  as  i m p l i e d  by 
M agnus 's  scheme (1926) .  The a n t e r i o r  and p o s t e r i o r  macula  
a r e a s  were t h o u g h t  to  i n f l u e n c e  h in d  and,  f o r e l i m b s
r e s p e c t i v e l y .  In  t h e i r  h y p o t h e t i c a l  scheme L o w en s te in  and
S
R o b e r t s  (1950) assumed t h a t  t h e  act io iV o f  t h e  o t o l i t h  
o r g a n s  were  a n t a g o n i s t i c  to  t h e  a c t i o n  of  t h e  i p s i l a t e r a l  
v e r t i c a l  c a n a l s .  The c a n a l s  were th o u g h t  o f  as a 
f a c i l i t a t o r y  i n f l u e n c e  a c t i n g  i p s i l a t e r a l l y  w h i l e  t h e  
o t o l i t h s  a c t e d  c o n t r a l a t e r a l l y . T h is  model of l a b y r i n t h  
f u n c t i o n  r e q u i r e s  t h a t  d u r in g  l a t e r a l  t i l t s  an a sym m etr ic  
p a t t e r n  o f  r e f l e x e s  r e s u l t s  between l e f t  and r i g h t  s i d e s ,  
w h i l e  on f o r e  and a f t  t i l t s  t h e r e  would be asymmetry
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be tw een  t h e  f o r e  and h in d  l im b s .  The m echan ics  o f  such a 
scheme a r e  o u t l i n e d  below and a d i a g r a m a t i c  r e p r e s e n t a t i o n  
o f  t h i s  model i s  i l l u s t r a t e d  i n  P i g .  1 .  L a t e r a l  t i l t s  t o  
t h e  l e f t  b r i n g  t h e  u t r i c l e  o f  t h e  r i g h t  and l e f t  s i d e s  to  
s i d e - u p  and s ide -down p o s i t i o n  r e s p e c t i v e l y .  The r i g h t  
u t r i c l e  (from t h e  r e s u l t s  of  L ow ens te in  and R o b e r t s  (1950)) 
w i l l  e x h i b i t  an i n c r e a s e d  a f f e r e n t  o u t p u t  w h i l e  t h e  l e f t  
u t r i c l e  w i l l  show a d e c r e a s e d  d i s c h a r g e .  For t h e  same 
d i r e c t i o n  o f  movement t h e  o u tp u t  o f  t h e  l e f t  a n t e r i o r  and 
p o s t e r i o r  v e r t i c a l  c a n a l s  w i l l  show a d e c r e a s e d  f i r i n g  
r a t e .  (The v e r t i c a l  c a n a l s  had ,  a s  d e s c r i b e d  p r e v i o u s l y ,  
though  i n  d i f f e r e n t  s p e c i e s ,  been shown by D usser  de 
B a ren n e ,  1918 and Rademaker, 1935 t o  p l a y  a r o l e  i n  t h e  
p r o d u c t i o n  of  asym metr ic  l im b p o s t u r e s . )  The consequence  of 
t h i s  a c t i v i t y ,  b a sed  on t h e  h y p o t h e t i c a l  w i r i n g  scheme of 
L o w en s te in  and R o b e r ts  (see  F ig .  1 ) ,  would be t h a t  t h e  
a n t i g r a v i t y  m usc les  o f  t h e  l e f t  f o r e  and h in d  l im b s  would 
r e c e i v e  f a c i l i t a t i o n  from th e  r i g h t  u t r i c l e  and from th e  
l e f t  v e r t i c a l  c a n a l s .  The e q u i v a l e n t  m usc les  o f  t h e  r i g h t  
s i d e  b e h av in g  r e c i p r o c a l l y  as a consequence  o f  t h e  a c t i v i t y  
p a t t e r n s  i n  t h e  l e f t  u t r i c l e  and t h e  r i g h t  v e r t i c a l  c a n a l s .  
On t i l t i n g  i n  th e  f o r e  and a f t  d i r e c t i o n  d i f f e r e n t i a l  
r e p o n s e s  were b e l i e v e d  to  occur  be tween t h e  a n t e r i o r  and 
p o s t e r i o r  r e g i o n s  of  th e  u t r i c l e s ,  and between t h e  v e r t i c a l  
c a n a l s .  On t i l t i n g  fo rw a rd  t h e  p o s t e r i o r  r e g i o n s  of  th e  
u t r i c l e s  and t h e  a n t e r i o r  v e r t i c a l  c a n a l s  e x e r t  
f a c i l i t a t o r y  i n f l u e n c e s  on t h e  e x t e n s o r s  o f  t h e  f o r e l i m b s ,  
s i m u l t a n e o u l y  th e  h ind  l im b s  show a d im i n u t io n  o f  e x t e n s o r  
to n e  r e s u l t i n g  from d e c r e a s e d  o u t p u t  from th e  a n t e r i o r
Lowenstein & Roberts, (19SG).
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F i g u r e  1 .  Model of th e  o r g a n i s a t i o n  o f  l a b y r i n t h  r e f l e x e s  
a s  p r o p o s e d  by Lowens te in  and R o b e r t s  (1950) and a d a p te d  
from t h e i r  o r i g i n a l  f i g u r e .  With l a t e r a l  t i l t s  t h e  c a n a l s  
which  a r e  r o t a t e d  s ide-down i n c r e a s e  t h e i r  d i s c h a r g e ,  
w h e rea s  t h e  o t o l i t h  r e c e p t o r s  d e c r e a s e  o u tp u t  w i th  
s id e -d o w n  t i l t s .  An asymmetr ic  r e f l e x  o r g a n i s a t i o n  r e s u l t s  
from a p ro p o s e d  i p s i l a t e r a l  c a n a l - a n t i g r a v i t y  m usc le  
c o n n e c t i o n  and a c o n t r a l a t e r a l  o t o l i t h - a n t i g r a v i t y  m usc le  
c o n n e c t i o n .
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u t r i c u l a r  r e g i o n s  and t h e  p o s t e r i o r  v e r t i c a l  c a n a l s .
A n e c e s s a r y  r e q u i r e m e n t  of any model i s  t h a t  i t  
s h o u ld  p r e d i c t  t h e  outcome of  a d i s t u r b a n c e  to  t h e  system 
i t  m odels  f o r  a wide range  of  e x p e r i m e n t a l  o b s e r v a t i o n s .
One n e c e s s a r y  c o n d i t i o n  t h a t  t h e  L ow en s te in  and R o b e r t s  
(1950) model must p r e d i c t  i s  t h e  e x p e r i m e n t a l  f i n d i n g  t h a t  
f o l l o w i n g  h e m i l a b y r in th e c to m y  g r e a t e r  tone  d e v e lo p s  on th e  
s i d e  of  t h e  i n t a c t  l a b y r i n t h .  For t h e  model to  f u l f i l  t h i s  
r e q u i r e m e n t  i t  i s  n e c e s s a r y  t h a t  t h e  s e m i c i r c u l a r  c a n a l s  
e x e r t  a g r e a t e r  i n f l u e n c e  over  t h e  m usc les  t h a n  th e  
o t o l i t h s  do.
An i n t e r e s t i n g  p o i n t  c o n c e rn in g  t h i s  scheme i s  t h a t  
a s  t h e  to n e  r e s u l t i n g  from th e  rem a in ing  s e m i c i r c u l a r  
c a n a l s  i s  a consequence  of  t h e  r e s t i n g  d i s c h a r g e  of  t h e  
c a n a l  a f f e r e n t s  i t  w i l l  no t  a l t e r  be tween v a r i o u s  s t a t i c  
head  p o s i t i o n s .  The o u t p u t  from t h e  r em a in in g  u t r i c l e  w i l l  
however s t i l l  show s t a t i c  s e n s i t i v i t y  and t h e r e f o r e  th e  
t o n i c  r e f l e x e s  on t h e  s i d e  of  th e  l e s i o n  shou ld  remain  
a lm o s t  unchanged f o l l o w i n g  h e m i l a b y r in th e c to m y .  T h is  l a s t  
p o i n t  was n o t  made by th e  a u t h o r s  (Low ens te in  anb R o b e r t s ,  
1 9 5 0 ) ,  b u t  i s  a n e c e s s a r y  consequence  of  t h e i r  model. The 
m echan ics  of  t h i s  t h e o r y ,  b a sed  on t h e  b e h av io u r  of p r im a ry  
o t o l i t h  a f f e r e n t s ,  and t h e  a ssum pt ion  of  s p e c i f i c  l i n k s  
be tw een  t h e  l a b y r i n t h  and a n t i g r a v i t y  m usc les  i s  i n  e s s e n c e  
a m o d i f i c a t i o n  of  E d w a ld 's  (1892) t h e o r y  of  s e m i c i r c u l a r  
c a n a l  f u n c t i o n  and o f  B r e u e r ' s  (1898) i d e a s  on o t o l i t h  
f u n c t i o n .
The concep t  of  a sy m m etr ica l  r e f l e x e s  r e q u i r e d  by 
t h i s  model ,  a l th o u g h  h av in g  been r e p o r t e d  by s e v e r a l  g roups
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( T a i t  & McNally ,  1925a ,  b;  T a i t ,  1926;  Rademaker,  1935) was 
n o t  w i d e ly  a c c e p t e d .  A lso  t h e  i d e a  o f  a c o n t r a l a t e r a l  
p re d o m in a n c e  o f  o t o l i t h  i n f l u e n c e s  was b a sed  s o l e y  on th e  
f i n d i n g  t h a t  a l l  t h e  a f f e r e n t s  t e s t e d  showed an i n c r e a s e d  
d i s c h a r g e  w i th  s i d e - u p  t i l t s .  T h is  f i n d i n g  i s  in  d i r e c t
o p p o s i t i o n  t o  A d r i a n ' s  (1943) r e s u l t s ,  and t o  t h e
c o n c l u s i o n s  o f  o t h e r  a u t h o r s  whose own r e s u l t s  s u g g e s t e d  
e i t h e r  i p s i l a t e r a l  ( T a i t  & McNally,  1925a ,  b; T a i t ,  1926) 
o r  b i l a t e r a l  (Magnus, 1926) i n f l u e n c e s  from th e  o t o l i t h s .  
D e s p i t e  t h e s e  prob lem s t h e  im p o r ta n c e  o f  t h e  L ow ens te in  and 
R o b e r t s  (1950) model i s  t h a t  i t  p r o p o s e s  t h e  e x i s t e n c e  of  
a sy m m e tr ic  r e f l e x e s  i n  d i r e c t  c o n t r a s t  t o  t h e  r e f l e x  scheme 
o f  Magnus (1926) .
In  t h e  same y e a r  as  t h e  a p p e a ra n c e  of  th e
L o w e n s te in  and R o b e r t s  (1950) p a p e r  von H o l s t  and
M i t t l e s t a e d t  (1950) p u b l i s h e d  a t h e o r e t i c a l  model of 
p o s t u r a l  c o n t r o l  in  h i g h e r  v e r t e b r a t e s  ( i n c l u d i n g  m a n ) , ( s e e  
c o l l e c t e d  w r i t i n g s  o f  von H o l s t  (1973) f o r  E n g l i s h  
t r a n s l a t i o n ) . In  t h i s  model two d i f f e r e n t  s e t s  of a f f e r e n t  
s i g n a l s ,  one from t h e  l a b y r i n t h  and t h e  o t h e r  from 
p r o p r i o c e p t o r s  l o c a t e d  i n  t h e  ne ck ,  i n t e r a c t  to  m a i n t a i n  
e q u i l i b r i u m .  The a f f e r e n t  s i g n a l s  a r i s i n g  from th e  
l a b y r i n t h  and neck a r e  r e g a r d e d  i n  t h e  von H o l s t  and 
M i t t l e s t a e d t  (1950) model as  b e in g  a n t a g o n i s t i c  t o  one 
a n o t h e r .  I f ,  f o r  example ,  t h e  whole  body of  an an im al  i s  
i n c l i n e d  t o  one s i d e ,  t h e  l im b s  of  t h a t  s i d e  w i l l  e x h i b i t  
an i n c r e a s e d  e x t e n s o r  to n e  w h i l e  t h e  l im bs  of  th e  o p p o s i t e  
s i d e  w i l l  become f l e x e d .  The com pensa to ry  movements 
f o l l o w i n g  such a t i l t  a r e  t h e  same as  p r e d i c t e d  by th e
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L o w e n s te in  and R o b e r t s  (1950) scheme. However, i f  neck 
r e f l e x e s  a r e  c o n s i d e r e d  t h e  p o s t u r e  a d o p te d  by t h e  l im b s  on 
t i l t i n g  t h e  head  i n  a l a b y r i n t h e c t o m i z e d  an im al  i s  o p p o s i t e  
t o  t h a t  d e s c r i b e d  above .  In  von H o l s t ' s  and M i t t l e s t a e d t ' s 
(1950) model a r o t a t i o n  of  t h e  head e i t h e r  p a s s i v e l y  or 
a c t i v e l y  i n  an i n t a c t  an im al  r e s u l t s ,  a s  would be e x p e c t e d ,  
i n  t h e  p r o d u c t i o n  o f  b o th  o t o l i t h  and neck r e f l e x e s .  The 
p a t t e r n  o f  i n t e r a c t i o n ,  p r e s e n t e d  i n  t h i s  model ,  r e s u l t s  i n  
no a l t e r a t i o n  i n  l imb p o s t u r e ,  t h e  o p p os in g  r e f l e x  a c t i o n s  
summing t o g e t h e r .  Thus, i t  i s  a rg u e d  t h a t  d u r i n g  a c t i v e  or 
p a s s i v e  movements o f  t h e  head no s i g n  o f  l im b r e f l e x e s  
occur, .  The i n t e r a c t i o n  between o t o l i t h  and neck r e f l e x e s  
t a k e s  p l a c e  as  though  t h e r e  was a s i n g l e  r e c e p t o r  sys tem  
l o c a t e d  w i t h i n  t h e  t r u n k  i t s e l f .  The von H o l s t  and 
M i t t l e s t a e d t  model (1950) l i k e  t h e  model p r e s e n t e d  by 
L o w e n s te in  and R o b e r t s  (1950) p r o p o s e s  an asym m etr ic  
p a t t e r n  o f  o t o l i t h  l im b r e f l e x e s ,  however ,  von H o l s t  and 
M i t t l e s t e a d t  (1950) assume a p re d o m in a n t ly  i p s i l a t e r a l  
a c t i o n  o f  t h e  o t o l i t h s  on t h e  l im b s ,  and c o n s e q u e n t ly  a 
c o n t r a d i c t i o n  a r i s e s  in  t h e  d i s c u s s i o n  of t h e s e  two v iews 
on l a b y r i n t h i n e  r e f l e x e s .  The two models  a r e  n o t ,  
t h e r e f o r e ,  c o m p a t i b l e .
In  one model (von H o l s t  and M i t t l e s t a e d t ,  1950) 
f a c i l i t a t i o n  o f  i p s i l a t e r a l  e x t e n s o r  to n e  a r i s e s  from th e  
i p s i l a t e r a l  o t o l i t h  o r g a n s ,  w h i l e  i n  t h e  o t h e r  model 
(L o w e n s te in  and R o b e r t s ,  1950) t h e  f a c i l i t a t i o n  i s  b e l i e v e d  
t o  a r i s e  from t h e  c o n t r a l a t e r a l  o t o l i t h .  From a f u n c t i o n a l  
v i e w p o i n t  t h e  von H o l s t  and M i t t l e s t a e d t  model r e q u i r e s  
t h a t  t h e  m a j o r i t y  o f  i p s i l a t e r a l  o t o l i t h  a f f e r e n t s  sh o u ld
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show an i n c r e a s e d  d i s c h a r g e  w i th  s id e -d o w n  t i l t s .  The 
o p p o s i t e  r e s p o n s e  i s  r e q u i r e d  i n  t h e  L ow en s te in  and R o b e r t s  
model  (1 9 5 0 ) .  The e x p e r im e n ta l  b a s i s  b e h in d  von H o l s t  and 
M i t t l e s t a e d t *s co ncep t  of o t o l i t h  f u n c t i o n  and r e f l e x  
i n t e r a c t i o n  i s  o u t l i n e d  below. Some of  t h e  e v id e n c e  
p r e s e n t e d  t o  s u p p o r t  t h e i r  model i s  b a se d  on t h e  work of  
G riesm ann (1922) and o f  F i s h e r  and Wodak (1922) who 
i n v e s t i g a t e d  t h e  r e f l e x  r e a c t i o n  i n  human l im b s  i n  r e s p o n s e  
t o  h o t  c o m p resse s  p l a c e d  on t h e  m a s to id  p r o c e s s .  The 
r e s u l t s  o f  t h e s e  e x p e r im e n t s  may be d i f f i c u l t  to  i n t e r p r e t ,  
s i n c e  one c a n n o t  unambiguously  i d e n t i f y  t h e  r e c e p t o r  g i v i n g  
r i s e  t o  t h e  l imb r e f l e x e s .  C a l o r i c  s t i m u l a t i o n  as  used  i n  
t h e  c l a s s i c a l  s e n se  i s  w e l l  known to  p ro d u ce  s e m i c i r c u l a r  
c a n a l  s t i m u l a t i o n  b u t  i t s  a c t i o n  on t h e  o t o l i t h s  i s  n o t  
known. The model of  von H o l s t  and M i t t l e s t a e d t  (1950) l i k e  
t h a t  o f  L o w en s te in  and R o b e r t s  (1950) i s  b a sed  on 
i n c o m p l e t e  e v id e n c e  f o r  t h e  e x i s t a n c e  of  asym m etr ic  o t o l i t h  
r e f l e x e s .
A l though  t h e  two models d i f f e r  in  a m e c h a n i s t i c  
s e n s e  t h e  p ro p o se d  p a t t e r n  of  l a b y r i n t h  r e f l e x  a c t i v i t y  
from each  model o f f e r s  a sys tem of  p o s t u r a l  c o n t r o l  which 
can f u n c t i o n  over  a wide range  of  c i r c u m s t a n c e s ,  u n l i k e  t h e  
l i m i t e d  model o f  Magnus. I n t e r a c t i o n s  between t h e  p ro p o se d  
a sy m m e tr ic  o t o l i t h  and neck p o s i t i o n a l  r e f l e x e s  p ro p o se d  in  
t h e  von H o l s t  and M i t t l e s t a e d t  (1950) a l lo w  th e  head t o  
move f r e e l y  w i th o u t  t h r e a t e n i n g  e q u i l i b r i u m ,  b u t  d u r i n g  a 
p o s t u r a l  d i s t u r b a n c e  t h e  in d e p e n d e n t  e x p r e s s i o n  of 
l a b y r i n t h  or neck r e f l e x e s  can a c t  t o  compensate  f o r  t h e  
d i s t u r b a n c e .  T h is  i n t e r a c t i v e  p a t t e r n  of  r e f l e x e s  as  f i r s t
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s u g g e s t e d  by von H o l s t  and M i t t l e s t a e d t  i s  t h e r e f o r e  
f u n d a m e n t a l l y  d i f f e r e n t  from t h e  i n t e r a c t i o n s  t h a t  Magnus 
t h e o r i z e d  t o  occu r  be tween l a b y r i n t h  and neck p o s t u r a l  
r e f l e x e s .
Jr-t-5 t.Q The d e s c r i p t i on o f  asym metr ic  l a b y r i n t h  r e f l e x e s  and 
jbhe i r  i n t e r a c t i o n s .
O u t l i n e  ; i n c o n s i s t e n c i e s  i n  p u b l i s h e d  d a t a  w i th  t h e  Magnus 
scheme o f  r e f l e x  a c t i o n .  New t e c h n i q u e s  i n t r o d u c e d  by 
R o b e r t s  (1963) a l lo w  u t i l i s a t i o n  of  in d e p e n d e n t  l a b y r i n t h  
and neck s t i m u l a t i o n  i n  t h e  s tu d y  o f  l a b y r i n t h  and neck 
r e f l e x e s .  Asymmetric  l e n g t h  changes  a r e  r e c o r d e d  i n  
f o r e l i m b  e x t e n s o r s  by L in d s a y ,  R o b e r t s  & Rosenberg  (1976) 
d u r i n g  n a t u r a l  l a b y r i n t h  s t i m u l a t i o n .  The scheme of 
r e f l e x e s  d e s c r i b e d  p r o v i d e  an e x p e r i m e n t a l  b a s i s  f o r  
p r e v i o u s l y  p ro p o se d  m odels  o f  p o s t u r a l  c o n t r o l .  The 
e x p e r i m e n t s  o f  Schor and o t h e r s  s u g g e s t  c o n t r a l a t e r a l  
o t o l i t h  r e f l e x e s .  P r o p o s a l s  as  t o  t h e  s i t e  of i n t e r a c t i o n  
o f  l a b y r i n t h  and neck a f f e r e n t  sy s te m s .
A lthough  D usser  de Barenne (1918) ,  T a i t  and McNally 
(1925a) and Rademaker (1935) had d e m o n s t r a te d  t h a t  
a sy m m e tr i c  r e f l e x e s  c o u ld  be o b s e r v e d ,  t h e  views o f  Magnus 
r em a in e d  g e n e r a l l y  u n c h a l l e n g e d  and formed t h e  s t a n d a r d  
t e x t  book view ( M o u n tc a s t l e ,  1974 ,  13 th  e d i t i o n ) .  The 1950 
m ode ls  o f  l a b y r i n t h i n e  f u n c t i o n  p ro po sed  by L ow ens te in  and 
R o b e r t s  and by von H o l s t  and M i t t l e s t a e d t  c h a l l e n g e d  t h e  
a c c e p t e d  t h e o r i e s ,  b u t  c o u ld  o n ly  p a r t l y  j u s t i f y  t h e i r
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d e s c r i p t i o n s  w i th  t h e  e x p e r im e n ta l  e v id e n c e  t h e n  a v a l i a b l e .
The u n r e s o lv e d  i s s u e s  were (1) what i s  t h e  r e f l e x  
b e h a v i o u r  o f  t h e  l im bs  under  n a t u r a l  s t i m u l a t i o n  o f  t h e  
l a b y r i n t h s  and neck ,  (2) how does  t h i s  r e l a t e  t o  o t o l i t h  or  
s e m i c i r c u l a r  c a n a l  f u n c t i o n ,  (3) a r e  t h e  pathways 
i p s i l a t e r a l ,  c o n t r a l a t e r a l  or b i l a t e r a l  and (4) what i s  t h e  
n a t u r e  o f  t h e  i n t e r a c t i o n  o f  p o s i t i o n a l  l a b y r i n t h  r e f l e x e s  
w i t h  neck and o t h e r  p o s t u r a l  r e f l e x e s .
E xam ina t ion  of  t h e  p u b l i s h e d  f i g u r e s  i n  a s tu d y  on 
t h e  i n t e r a c t i o n  o f  v e s t i b u l a r  r e f l e x e s  w i t h  s t r e t c h  
r e f l e x e s  by K o e l l a ,  Nakao, Evans & Wada (1956) r e v e a l s  
f e a t u r e s  i n  t h e i r  t e n s i o n  r e c o r d s  which i n d i c a t e  a sym m etr ic  
l a b y r i n t h  i n f l u e n c e .  T h is  r e s u l t  went u n n o t i c e d  by t h e  
a u t h o r s .  The e x p e r im e n t s  i n v e s t i g a t e  s t r e t c h  r e f l e x e s  i n  
d e c e r e b r a t e  c a t s  a t  v a r i o u s  a n g le s  o f  t i l t  a bou t  a 
l o n g i t u d i n a l  a x i s  (0 p r o n e ,  60,  120 ,  180 s u p i n e ,  240 ,300 
d e g r e e s )  . D i s c u s s in g  t h e i r  r e s u l t s  w i th  r e f e r e n c e  to  
Magnus, K o e l l a  e t  a l .  (1956) c o n c lu d e  t h a t  t h e  s t r e t c h  
r e f l e x  i s  c o n d i t i o n e d  by th e  l a b y r i n t h  w i th  t h e  l a r g e r  
s t r e t c h  r e f l e x  o c c u r r i n g  i n  t h e  su p in e  p o s i t i o n  r a t h e r  t h a n  
t h e  p r o n e  p o s i t i o n .  What t h e  a u t h o r s  m is s ,  however ,  i s  
t h a t ,  a l t h o u g t h  t h e  s t r e t c h  r e f l e x  peaks  a t  around 180 
d e g r e e s  when s t r e t c h e s  a t  60 d e g re e s  a r e  compared t o  t h o s e  
a t  300 d e g r e e s ,  t h e r e  i s  a marked d i f f e r e n c e  i n  t h e  
a m p l i t u d e  o f  t h e i r  peaks  a t  th e  two d i f f e r e n t  p o s i t i o n s .  On 
moving f rom 360 d e g r e e s  to  300 d e g r e e s ,  t h e r e  i s  an 
i n c r e a s e  i n  t h e  s i z e  of  t h e  s t r e t c h  r e f l e x ,  t h i s  i n c r e a s e  
i s  s t i l l  e v i d e n t  on moving from 300 t o  240 d e g r e e s .  In  
M ag n us 's  scheme t h i s  i s  n o t  un expec ted  as  t h e  c a t  i s  b e in g
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moved to w ard  t h e  p o s i t i o n  of  maximum t o n u s .  On c o m p le t io n  
o f  t h e  c y c l e  t h ro u g h  180 t o  120 d e g r e e s  t h e n  moving from 
120 t o  60 d e g r e e s  and t h e n  60 t o  0 d e g r e e s  a redu ced  
s t r e t c h  r e f l e x  can be seen  on moving tow ard  60 d e g r e e s ,  b u t  
on r e a c h i n g  0 (360) d e g r e e s  t h e  r e f l e x  r e s p o n s e  i n c r e a s e s  
( s e e  f i g s  2 and 3 K o e l l a  e t  a l . ,  1 9 5 6 ) .  C o n s id e r in g  r e f l e x  
r e s p o n s e s  a round  + / -  60 d e g r e e s  a b o u t  t h e  p rone  p o s i t i o n  
t h e  f i g u r e s  i l l u s t r a t e  a sc e n d in g  l e v e l s  o f  f a c i l i t a t i o n  
f rom 60 t o  0 d e g r e e s  and th en  to  300 d e g r e e s .  In  t h i s  
r e s p e c t  t h e  f i g u r e s  s u g g e s t  t h e  e x i s t e n c e  of  an a sym m etr ic  
l a b y r i n t h  r e f l e x  i n t e r a c t i n g  w i th  s t r e t c h  r e f l e x  pa th w ay s .  
One c a n n o t  deduce i f  s i d e - u p  or s ide -dow n  t i l t s  g iv e  
i n c r e a s e d  or  d e c r e a s e d  s t r e t c h  r e f l e x e s  as  t h e  s i d e  of  th e  
r e c o r d i n g  l im b  i s  n o t  m en t io ned .  The t e n s i o n  r e c o r d s  show 
t h a t  t h e  t e n s i o n  t h r o u g h o u t  t h e  e x p e r im e n t  ( i . e .  t h e  
r e c o r d s  show c o n t in u o u s  t e s t s  of  t h e  s t r e t c h  r e f l e x  a t  
d i f f e r e n t  head a n g l e s ) , d e s p i t e  changes  i n  p o s i t i o n  rem ains  
c o n s t a n t ,  im p ly in g  t h a t  no d i r e c t  i n f l u e n c e  on to  t h e  
r e c o r d e d  m usc le  r e s u l t e d  from t h e  p o s i t i o n a l  c h a n g e s .  In  
t h i s  r e s p e c t  t h e  e x p e r im e n t s  conform to  B e r i t o f f ' s  (1914) 
d e s c r i p t i o n  of  l a b y r i n t h i n e  i n f l u e n c e s  becoming e v i d e n t  
f o l l o w i n g  p e r i p h e r a l  s t i m u l a t i o n .
In  1963 R o b e r ts  i n t r o d u c e d  a d e c e r e b r a t e  
p r e p a r a t i o n  i n  which neck r e f l e x e s  were  i s o l a t e d  from 
l a b y r i n t h  r e f l e x e s  by d e n e r v a t i n g  t h e  f i r s t  two 
i n t r a v e r t e b r a l  j o i n t s .  Neck r e f l e x e s ,  h a v in g  p r e v i o u s l y  
been  d e m o n s t r a t e d  to  a r i s e  from t h e  r e c e p t o r s  l o c a t e d  i n  
and a round  t h e  f i r s t  t h r e e  c e r v i c a l  j o i n t s  (McCouch,
D e e r in g  and L ing ,  1 9 5 1 ) ,  were t h e r e f o r e  n o t  evoked on head
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movements w i th  movement r e s t r i c t e d  t o  r e g i o n s  above t h e  
a x i s  v e r t e b r a .  I n i t i a l l y  conce rned  w i t h  l a b y r i n t h i n e  
i n f l u e n c e s  on t h e  h in d l im b ,  R o b e r ts  (1963) d e m o n s t r a t e d  
t h a t  n o s e - u p  t i l t s  of  th e  head p ro du ced  a f a c i l i t a t i o n  of  
e x t e n s o r s  o f  t h e  h ind l im b  ( r e v e a l e d  by s h i f t s  in  
t e n s i o n / l e n g t h  p l o t s  o f  f l u c t u a t i n g  c y c l e s  of  a p p l i e d  
t e n s i o n  and of  a p p l i e d  l e n g t h ) . With nose-down t i l t s  a 
d i s f a c i l i t a t i o n  was o b s e rv e d .  Such r e a c t i o n s  conform to  
M a g nu s ' s  d e s c r i p t i o n  o f  l a b y r i n t h i n e  a c t i o n  on t h e  
h i n d l i m b s  and as  e x p e c te d  from t h i s  would a c t  i n  o p p o s i t i o n  
t o  neck r e f l e x e s  evoked i n  an i n t a c t  p r e p a r a t i o n  w i th  
n o s e - u p  o r  nose-down t i l t s .  The symmetry between h in d  and 
f o r e l i m b s  which Magnus p r e d i c t s  was n o t  t e s t e d  f o r  i n  t h e s e  
e x p e r i m e n t s ,  nor  was t h e  e f f e c t  of  l a t e r a l  t i l t s .
Us ing  t h e  same p r e p a r a t i o n  as  R o b e r t s ,  Gordon 
(1964) i n v e s t i g a t e d  l a b y r i n t h  a c t i o n  on anconeus ,  an 
e x t e n s o r  of  t h e  f o r e l i m b  d u r in g  l a t e r a l  and s a g i t a l  t i l t s .  
B e f o re  p r e p a r i n g  t h e  l imb f o r  myographic  r e c o r d i n g  i t  was 
n o t e d  t h a t  nose-down r o t a t i o n s  r e s u l t e d  i n  f o r e l i m b  
e x t e n s i o n  and n ose -u p  r o t a t i o n s  p ro d uced  f l e x i o n ,  on 
t i l t i n g  s ide -dow n  an asym metr ic  r e s p o n se  was o b s e r v e d  i n  
t h e  f o r e l i m b s .  The i p s i l a t e r a l  limb becoming e x te n d e d .  Once 
t h e  l im b  was p r e p a r e d  f o r  r e c o r d i n g ,  however,  no r e s p o n s e s  
(or  i n  one case  no c o n s i s t e n t  r e s p o n s e s )  c o u ld  be o b t a i n e d  
on l a t e r a l  t i l t i n g ,  though  l e n g t h e n i n g  and s h o r t e n i n g  were  
r e c o r d e d  i n  some i n s t a n c e s  f o l lo w in g  n ose -u p  and n o se —down 
r o t a t i o n s  r e s p e c t i v e l y .  T h is  o b s e r v a t i o n  conformed t o  t h e  
scheme of  r e f l e x e s  s u g g e s t e d  to  occu r  f o l lo w in g  n o se -u p  and 
nose-down t i l t s  by Low ens te in  and R o b e r t s  (1950) .  The
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f o r e l i m b  e x t e n s o r  (anaconeus)  c o n t r a c t i n g  on movements
(nose-down)  t h a t  p roduced  r e l a x a t i o n  i n  h in d l im b  e x t e n s o r s  
( R o b e r t s ,  1963) .
In  a f u r t h e r  t r e a t i s e  on l a b y r i n t h  r e f l e x e s  R o b e r t s  
(1967) d i s c u s s e d  th e  Lowens te in  and R o b e r t s  (1950) 
h y p o t h e t i c a l  scheme of  l a b y r i n t h  r e f l e x e s  i n  r e l a t i o n  to  
t h e i r  i n t e r a c t i o n s  w i th  neck r e f l e x e s .  As i n  von H o l s t  and 
M i t t l e s t a e d t  ' s (1950) model R o b e r ts  p ro p o se d  p a t t e r n  of  
r e f l e x e s  r e s u l t s  i n  a c t i o n s  t h a t  oppose  t o n i c  neck 
r e f l e x e s .  The s i m i l a r i t i e s  between t h e  r e f l e x  schemes i s  
v e r y  s t r o n g  d e s p i t e  d i f f e r e n t  m e th o d o lo g ic a l  a p p ro a c h e s .
The r e l a t i o n s h i p  between th e  two s e t s  of  r e f l e x e s  i n  t h e  
i n t a c t  an im a l  a l lo w s  v o l u n t a r y  movements o f  t h e  head t o  be 
c a r r i e d  o u t  w i t h o u t  r e f l e x  c o n s t r a i n t .  Based on th e  
e x p e r i m e n t a l  r e s u l t s  o b t a i n e d  by n ose -u p  and nose-down 
t i l t s  a scheme of  r e f l e x e s  conforming to  t h e  p ro p o se d  s e t  
o f  p o s t u r a l  r e f l e x e s  of  Lowenste in  and R o b e r t s  (1950) were 
d e s c r i b e d .  In  t h i s  scheme th e  sym m etr ica l  l a b y r i n t h  
r e f l e x e s  o f  Magnus a r e  r e p l a c e d  by asymmetry be tween f o r e  
and himdlimb l a b y r i n t h  r e f l e x e s  which i n t e r a c t  w i th  neck 
r e f l e x e s  d u r i n g  movements of  th e  head i n  such a way as  t o
m a i n t a i n  s t a b i l i t y .
Nagaki (1967) r e p o r t e d  a l t e r a t i o n s  i n  t h e  
i n t e g r a t e d  EMG of  t r i c e p s  b r a c h i i  on s u b j e c t i n g  d e c e r e b r a t e  
c a t s  t o  whole  body r o t a t i o n s  about  a l o n g i t u d i n a l  a x i s .
The a l t e r a t i o n s  in  EMG cou ld  only  be seen  f o l l o w i n g  s p i n a l  
c o r d  s e c t i o n  a t  T12. N a g a k i ' s  r e s u l t s  were ba sed  on 
e x p e r i m e n t s  from 14 c a t s  and showed 3 t y p e s  o f  r e s p o n s e  to  
s id e - d o w n  r o t a t i o n s .  In t h e  m a j o r i t y  o f  c a s e s  t h e
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i p s i l a t e r a l  t r i c e p s  showed an i n c r e a s e  i n  a c t i v i t y  w i th  
s id e -d o w n  r o t a t i o n s  (54%) . Though i t  was commonly found 
t h a t  s id e -d ow n  r o t a t i o n s  r e s u l t e d  i n  e i t h e r  a d e c r e a s e  
(32%) o r  no change (14%) i n  t h e  i n t e g r a t e d  EMG a c t i v i t y  of  
t h e  i p s i l a t e r a l  t r i c e p s .  Concern ing  t h e  r e s p o n se  to  s i d e - u p  
r o t a t i o n s  a l l  t r i c e p s  m u sc le s  from t h e  14 c a t s  e x h i b i t e d  a 
d e c r e a s e  i n  a c t i v i t y .  None of  t h e s e  r e s p o n s e s  conform to  
M ag nu s ' s  scheme of p o s i t i o n a l  r e f l e x e s ,  a p o i n t  which was 
o v e r l o o k e d  by Nagaki ,  ( a l th o u g h  t h e  a u th o r  c i t e s  Magnus 
( 1 9 2 6 ) ) .  F o l lo w in g  s e c t i o n  of  t h e  f i r s t  t h r e e  c e r v i c a l  
r o o t s  r o t a t i o n  o f  th e  head a lo n e  p ro d uced  s i m i l a r  EMG 
c h a n g e s  i n  t r i c e p s  as  had been seen  w i th  whole  body 
r o t a t i o n s .  Nagaki b e l i e v e d  t h a t  f a c i l i t a t i o n  o f  e x t e n s o r  
m o to n e u ro n es  o c c u r i n g  d u r i n g  s ide -dow n  t i l t s  o f  t h e  head 
a r o s e  from t h e  i p s i l a t e r a l  o t o l i t h ,  i n  ag reem ent  w i th  von 
H o l s t  and M i t t l e s t a e d t ' s (1950) h y p o t h e s i s e d  scheme of  
l a b y r i n t h  r e f l e x e s  and s u p p o r t e d  by A d r i a n ' s  (1943) 
o b s e r v a t i o n s  on c e n t r a l  v e s t i b u l a r  u n i t s .
F o l lo w in g  h e m i l a b y r in th e c to m y  t h e  c o n t r a l a t e r a l  
r e f l e x e s  become r e v e r s e d .  In  o r d e r  to  e x p l a i n  t h e s e  
r e s u l t s ,  i n  r e s p e c t  t o  an i p s i l a t e r a l  d r i v e  from t h e  
o t o l i t h s ,  Nagaki  t h e o r i s e d  t h a t  s i d e - u p  t i l t s  (which i n  
A d r i a n ' s  scheme would s i l e n c e  t h e  t o n i c  a c t i v i t y  of  t h e  
r e m a in in g  o t o l i t h )  had t o  be a l t e r e d  c e n t r a l l y  from a 
p r e v i o u s l y  f a c i l i t a t o r y  i n f l u e n c e  to  a b i l a t e r a l  i n h i b i t o r y  
i n f l u e n c e .  In t h i s  scheme s i d e —down t i l t s  would i n c r e a s e  
v e s t i b u l a r  d r i v e ,  so c a u s in g  an i n h i b i t i o n  of  l e f t  and 
r i g h t  s p i n a l  e x t e n s o r  m o ton eu ron es .  With s i d e - u p  t i l t s  t h e  
v e s t i b u l a r  d r i v e  i s  red u c ed  and a r e l e a s e  of i n h i b i t i o n
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b i l a t e r a l l y  r e s u l t s  i n  i n c r e a s e d  e x t e n s o r  a c t i v i t y  of  b o th  
s i d e s .  The s p i n a l  mechanism r e s p o n s i b l e  f o r  th e  sw i tc h  
b e tw een  a p r e v i o u s l y  f a c i l i t a t o r y  i n f l u e n c e  t o  an 
i n h i b i t o r y  one was p u r e l y  h y p o t h e t i c a l .  However, t h e  same 
r e s u l t  c o u ld  be e x p l a i n e d  w i t h o u t  t h i s  c e n t r a l  s w i t c h in g  
from t h e  r e f l e x  scheme of  L ow ens te in  and R o b e r t s  (1949) and 
R o b e r t s  (1967)•  The d e c i s i v e  f a c t o r  be tween t h e  two 
p o s s i b l e  e x p l a n a t i o n s  r e s t s  i n  t h e  a f f e r e n t  r e s p o n se  of  t h e  
o t o l i t h s ,  and on t h e  c e n t r a l  pa thways r e s p o n s i b l e  f o r  t h e  
r e f l e x .
In  a s tu d y  on m o d i f i c a t i o n s  o f  s t r e t c h  r e f l e x e s  
R o b e r t s  (19 7 0 ) ,  see  a l s o  B or lan d  (1970) , u s in g  t h e  
p r e p a r a t i o n  i n t r o d u c e d  i n  1963,  r e p o r t e d  a l t e r a t i o n s  i n  t h e  
t e n s i o n / l e n g t h  d iag ram s  of  e x t e n s o r s  t h a t  a r e  s u g g e s t i v e  of  
an a sy m m e tr ic  l a b y r i n t h  i n f l u e n c e .  With t h e s e  r e s u l t s  
R o b e r t s  (1970) a g a i n  em phas ised  t h e  s i g n i f i c a n c e  of  t h e  
i n t e r a c t i o n s  between l a b y r i n t h  and neck r e f l e x e s .
E h r h a r d t  and Wagner (1970) s t u d i e d  t h e  e f f e c t  of  
n a t u r a l  l a b y r i n t h i n e  s t i m u l a t i o n  on h in d l im b  f l e x o r  and 
e x t e n s o r  motoneurones  o f  d e c e r e b r a t e  c a t s .  R o t a t i o n s  were 
p e r f o r m e d  under  c o n d i t i o n s  i n  which no e l i m i n a t i o n  of  neck 
r e f l e x e s  had t a k e n  p l a c e  and s e c o n d ly  a f t e r  a 
p h a r m a c o l o g i c a l  b lo ck  o f  C1—C3 s p i n a l  r o o t s .  In  e x p e r im e n t s  
where  neck r e f l e x e s  were evoked s i m u l t a n e o u s l y  w i th  
l a b y r i n t h  r e f l e x e s  a sm a l l  b r i e f  f a c i l i t a t i o n  was o b se rv e d  
d u r i n g  t h e  head t i l t ,  t h e r e  was however no re sp o n se  to  
m a i n t a i n e d  p o s i t i o n .  The b r i e f  r e s p o n s e  seen  i n  e x t e n s o r  
m o to n e u ro n es  was l o s t  f o l l o w i n g  e l i m i n a t i o n  of  neck 
a f f e r e n c e s .  E h r h a r d t  and Wagner (1970) s u g g e s t e d  th e
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e x i s t e n c e  of  a neck r e f l e x  w i th  a k i n e t i c  component much 
l i k e  t h a t  o f  th e  s e m i c i r c u l a r  c a n a l s .  R e f l e x e s  t o  
m a i n t a i n e d  p o s i t i o n a l  changes  were  seen  im m edia t ly  a f t e r  
C1-C3 b l o c k .  E x te n so r  motoneurones  were f a c i l i t a t e d  w i th  
b o th  i p s i -  (s ide -dow n)  and c o n t r a l a t e r a l  ( s i d e - u p )  
r o t a t i o n s .  The i n t e n s i t y  of  t h e  r e s p o n se  was however a lways 
g r e a t e s t  i n  t h e  i p s i l a t e r a l  l im b .  E h r h a r d t  and Wagner 
(1970) o b s e r v e d  t h a t  most f l e x o r  motoneurones  were 
i n h i b i t e d  by t o n i c  l a b y r i n t h  r e f l e x e s ,  a l t h o u g h  th e y  
s u g g e s t  a s y n e r g i s t i c  p a t t e r n  of  a c t i v i t y  may o c cu r  between 
f l e x o r  and e x t e n s o r  i n  some i n s t a n c e s .  E h r h a r d t  and 
W a g n e r ' s  (1970) o b s e r v a t i o n s  s u p p o r t  bo th  t h e  t h e o r i e s  of  
von H o l s t  and M i t t l e s t a e d t  (1950) ,  and of  R o b e r t s  (1967) i n  
t h a t  l a b y r i n t h  r e f l e x e s  a r e  n o t  a p p a r e n t  w h i l e  neck 
r e f l e x e s  a r e  s i m u l t a n e o u s l y  a c t i n g .  With r e s p e c t  t o  t h e  
p a t t e r n  o f  r e f l e x  a c t i v i t y  on to  h in d l im b  m o to n e u ro n es ,  
a l t h o u g h  l e f t  and r i g h t  e x t e n s o r s  r e c e i v e  f a c i l i t a t i o n  
t h e r e  a p p e a r s  to  be an asymmetry be tween t h e  l e v e l  of  
f a c i l i t a t i o n  t o  t h e  o p p o s i t e  e x t e n s o r s ,  t h e  l e v e l  of 
f a c i l i t a t i o n  was o b s e rv e d  to  be g r e a t e s t  w i t h i n  t h e  
i p s i l a t e r a l  l im b .  The s l i g h t  f a c i l i t a t i o n  i n  t h e  
c o n t r a l a t e r a l  e x t e n s o r  cann o t  be p r e d i c t e d  from t h e  
e x i s t i n g  t h e o r e t i c a l  models of  v e s t i b u l a r  p o s t u r a l  c o n t r o l  
and i s  n o t  c o n s i s t a n t  w i th  th e  r e s u l t s  o f  Nagaki (1967) ,  
who r e p o r t e d  a d e c r e a s e  i n  t h e  EMG o f  f o r e l i m b  e x t e n s o r s  
w i t h  s i d e - u p  ( c o n t r a l a t e r a l )  r o t a t i o n s .  From th e  
o b s e r v a t i o n s  on f l e x o r  m otoneurones  i t  i s  d i f f i c u l t  to  
r e c o n c i l e  t h e i r  r e s p o n se  to  a f u n c t i o n a l l y  s i g n i f i c a n t  r o l e  
i n  p o s t u r a l  c o n t r o l .  The o f t e n  c i t e d  r e s p o n se  to  l a t e r a l
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r o t a t i o n  i s  t h e  p r o d u c t i o n  of  f l e x i o n  i n  t h e  c o n t r a l a t e r a l  
l im b ,  b u t  t h i s  i s  n o t  seen in  t h e s e  e x p e r i m e n t s .  What i s  
o b s e r v e d ,  however ,  i s  a more marked e x t e n s i o n  
i p s i l a t e r a l l y , w i th  c o n t r a l a t e r a l  e x t e n s o r  to n e  i n c r e a s i n g  
s l i g h t l y  above i t s  normal d i s c h a r g e ,  b u t  r e m a in in g  l e s s  
t h a n  t h a t  o f  t h e  i p s i l a t e r a l  l im b .  These r e s p o n s e s  a r e  
o b t a i n e d  on t i l t i n g  t h e  head 90 d e g r e e s  away from norm al ,  
and m ust  r e s u l t  i n  marked t o r s i o n  a bou t  t h e  neck ,  d e s p i t e  
t h e  C1-C3 b lo c k  some o t h e r  c e r v i c a l  a f f e r e n t s  from lower 
r e g i o n s  and c u ta n e o u s  r sp o n s e s  t o  s t r e t c h i n g  of  t h e  s k i n  
round  t h e  head  and neck may have c o n t r i b u t e d  t o  
p a r t i c i p a t i o n  o f  o t h e r  r e c e p t o r s  i n  t h e  o b se rv e d  r e s p o n s e s .  
T h i s  p o s s i b y  a l s o  e x l a i n i n g  t h e  d i f f e r e n c e s  seen  i n  
c o m p a r is o n  of  N a g a k i ' s  (1967) r e s u l t s  on t h e  f o r e l i m b  t o  
t h o s e  o f  E h r h a r d t  and Wagner (1970) on t h e  h in d l im b .
S t r o n g  s u p p o r t  f o r  an asym m etr ic  p a t t e r n  of  
l a b y r i n t h  r e f l e x e s  was p r o v id e d  i n  an i n v e s t i g a t i o n  of  
t o n i c  l a b y r i n t h  and neck r e f l e x e s  i n  d e c e r e b r a t e  c a t s  by 
L in d s a y  ( 1 9 7 5 ) .  The p a p e r s  p u b l i s h e d  i n  c o n n e c t i o n  w i th  
t h i s  t h e s i s  d e m o n s t r a te d  t h e  asymmetry and a n ta g on ism  
be tw een  l a b y r i n t h  and neck r e f l e x e s  (L indsay  & R osenb e rg ,  
1973;  R osenberg  & L in d s a y ,  1973; R o b e r t s ,  1973; L in d s a y  e t
a l . , 1 9 7 6 . )  .
Working w i th  th e  p r e p a r a t i o n  i n t r o d u c e d  by R o b e r t s  
(1 9 6 3 ) ,  i n d e p e n d e n t  l a b y r i n t h  and neck r e f l e x e s  were  evoked 
by head t i l t i n g  and r o t a t i o n  of  t h e  a x i s  v e r t e b r a ,  
r e s p e c t i v e l y ,  a f t e r  th e  f i r s t  and second  c e r v i c a l  r o o t s  had 
been  s e c t i o n e d .  In  t h i s  p r e p a r a t i o n  i t  was t h e r e f o r e  
p o s s i b l e  by r e s t r i c t i n g  movement of  t h e  a x i s  v e r t e b r a  to
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e l i c i t  l a b y r i n t h i n e  r e f l e x e s  in  i s o l a t i o n  from neck 
r e f l e x e s .  The two r e f l e x  sys tem s t h e n  c o u ld  be s t u d i e d  i n  
i s o l a t i o n  or  t o g e t h e r  by r o t a t i n g  t h e  head  or  t h e  a x i s  
v e r t e b r a  s e p a r a t e l y  or t o g e t h e r .  By r e c o r d i n g  l e n g t h  
ch a n g e s  i n  t h e  m ed ia l  head o f  t r i c e p s  b r a c h i i  (an e x t e n s o r  
o f  t h e  f o r e l i m b )  d u r i n g  head  or neck r o t a t i o n s  a sy m m etr ie s
i n  t h e  r e f l e x  b e h a v io u r  were c l e a r l y  s e e n .
On r o t a t i n g  t h e  head to  one s i d e  (approx  30 
d e g r e e s )  and h o l d in g  a d e v i a t e d  p o s i t i o n  t h e r e  i s  a 
s h o r t e n i n g  o f  t r i c e p s  on t h e  s i d e  t o  which t h e  v e r t e x  i s  
r o t a t e d  ( s i d e - d o w n ) , and a l e n g h t e n i n g  i n  t h e  c o r r e s p o n d i n g  
m u s c le  o f  t h e  o p p o s i t e  s i d e  ( s i d e - u p ) . These l e n g t h  changes  
l a s t e d  f o r  t h e  d u r a t i o n  of  t h e  head d e v i a t i o n ,  m usc le
l e n g t h  r e t u r n i n g  toward  i t s  p r e v i o u s  r e s t i n g  l e n g t h  on
r e t u r n i n g  t h e  head t o  i t s  normal p o s i t i o n .  T h is  p a t t e r n  o f  
t o n i c  a c t i v i t y  seen  d u r in g  s ide-down and s i d e - u p  r o t a t i o n s  
was t h e  most commonly d e s c r i b e d  p a t t e r n  o f  a c t i v i t y .  Out of  
30 d e c e r e b r a t e  p r e p a r a t i o n s  d i s p l a y i n g  r e f l e x  a c t i o n s  t h e  
f o l l o w i n g  r e s u l t s  were o b t a i n e d .  With s ide -dow n r o t a t i o n s  
59.3% o f  m usc les  showed an i n c r e a s e  i n  a c t i v i t y  ( i e  
s h o r t e n i n g ) , w i th  13% showing t h e  o p p o s i t e  r e s p o n s e  ( i e  
l e n g t h e n i n g )  , t h e  rem a in ing  m u sc le s  t e s t e d  d i s p l a y e d  e i t h e r  
p h a s i c  (3%) or  p h a s i c / t o n i c  (14.3%) i n c r e a s e s  i n  a c t i v i t y  
o r  p h a s i c  (1.9%) and p h a s i c / t o n i c  (0.5%) d e c r e a s e s  i n  
a c t i v i t y .  In  17% of  t h e  m usc les  t e s t e d  w i t h  s ide -dow n  
r o t a t i o n s  no r e s p o n s e s  were r e c o r d e d .  With s i d e - u p  
r o t a t i o n s  t o n i c  l e n g t h e n i n g  o f  t r i c e p s  was seen  i n  65.4% o f  
c a s e s ,  2.0% d i s p l a y i n g  a s h o r t e n i n g .  Muscles d i s p l a y i n g  a 
p h a s i c  or  p h a s i c / t o n i c  l e n g t h e n i n g  a c c o u n te d  f o r  2.0% and
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10.7% r e s p e c t i v e l y  o f  o b s e r v a t i o n s  made w i th  s i d e - u p  
r o t a t i o n s .  C o n t r a c t i o n s  of  a t o n i c ,  p h a s i c  and p h a s i c / t o n i c  
n a t u r e  were seen  i n  21.0%, 1.8% and 0.8% o f  c a s e s  
r e s p e c t i v e l y  w i th  t h i s  r o t a t i o n .  S id e -u p  r o t a t i o n s  i n  17.3% 
o f  c a s e s  r e s u l t e d  i n  no r e f l e x  b e in g  o b s e r v e d .  The m a j o r i t y  
o f  o b s e r v e d  r e f l e x e s  a r e  c l e a r l y  t o n i c  or p h a s i c / t o n i c  i n  
n a t u r e ,  d i s p l a y i n g  i n c r e a s e d  a c t i v i t y  w i th  s ide-down 
r o t a t i o n s  and a d e c r e a s e d  a c t i v i t y  w i th  s i d e - u p  r o t a t i o n .  A 
p h a s i c  component i n  t h e s e  r e f l e x e s  i s  p ro b a b ly  a 
s e m i c i r c u l a r  c a n a l  phenomena, a l t h o u g h  i t  i s  a l s o  l i k e l y  
t h a t  i t  c o u ld  r e s u l t  from o t o l i t h  u n i t s  showing dynamic 
d i s c h a r g e  c h a r a c t e r i s t i c s .  The o t o l i t h s  a r e  c o n s i d e r e d  t h e  
r e c e p t o r s  r e s p o n s i b l e  f o r  t h e  t o n i c  n a t u r e  of t h e  r e f l e x e s .
R o t a t i o n  of  t h e  a x i s  v e r t e b r a  r e s u l t e d  i n  neck 
r e f l e x e s ,  t h e s e  r e f l e x e s  were d e m o n s t r a te d  to  be 
a n t a g o n i s t i c  to  t h e  l a b y r i n t h  r e f l e x e s  d e s c r i b e d  above.  
S ide-dow n r o t a t i o n s  r ^ l t e d  i n  a l e n g t h e n i n g  of  t r i c e p s  and 
s i d e - u p  r o t a t i o n s  r e s u l t e d  i n  s h o r t e n i n g .  By su p e r im p o s in g  
a neck r e f l e x  upon a p r e v i o u s l y  evoked l a b y r i n t h  r e f l e x  t h e  
m u sc le  r e t u r n e d  toward  i t s  r e s t i n g  l e n g t h  d u r in g  t h e  p e r i o d  
o f  neck a c t i v a t i o n .  On r e t u r n i n g  t h e  neck to  t h e  normal 
p o s i t i o n  t h e  p r e v i o u s l y  evoked l a b y r i n t h  r e f l e x  i s  a g a i n  
r e v e a l e d .  In  t h i s  type  of d e m o n s t r a t i o n  of  an tagon ism  
be tw een  r e f l e x e s  t h e  d o r s a l  r o o t s  o f  Cl and 02 were c u t ,  i f  
however t h e  d o r s a l  r o o t s  were l e f t  i n t a c t  t h e r e  i s  no 
r e s p o n s e  t o  head r o t a t i o n .  T h is  d e m o n s t r a t i o n  of  asym m etr ic  
l a b y r i n t h  s u p p r e s s io n  by th e  s im u l ta n eo u s  a c t i v a t i o n  of  
neck r e f l e x e s  i s  i n  agreem ent  w i th  th e  p r o p o s a l s  of  von
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H o l s t  and M i t t l e s t a e d t  (1950, see  a l s o  M i t t l e s t a e d t  1964) 
and  l a t e r  R o b e r t s  (1967,  1973) who had on t h e o r e t i c a l  
g ro u n d s  d e s c r i b e d  such i n t e r a c t i o n s  between l a b y r i n t h  and 
neck  r e f l e x e s  (see  e a r l i e r ) .  L indsay  e t  a l .  (1976) 
e s t a b l i s h e d  t h e  p r e s e n s e  of  asym metr ic  l a b y r i n t h  r e f l e x e s  
and i n  d e s c r i b i n g  t h e  p a t t e r n  of  i n t e r a c t i o n s  w i th  neck 
r e f l e x e s  i t  was conc luded  t h a t  neck and l a b y r i n t h  shou ld  be 
c o n s i d e r e d  a s  a s i n g l e  sys tem i m p o r t a n t  i n  t h e  c o n t r o l  of 
p o s t u r e  w i t h  t h e  l a b y r i n t h  and neck a c t i n g  t o g e t h e r  to  
p r o v i d e  s t a b i l i z a t i o n  of  t h e  t r u n k .
A l though  L indsay  e t  a l .  (1976) c o n f i rm ed  t h a t  t h e  
r e f l e x  o u t p u t  w i th  l a t e r a l  head t i l t s  sums t o  z e r o ,  t h e i r  
e x p e r i m e n t s  can no t  d i s t i n g u i s h  between t h e  two models o f  
l a b y r i n t h  and neck i n t e r a c t i o n  (von H o l s t  and M i t t l e s t a e d t ,  
1 950 ,  and R o b e r t s ,  1 9 6 7 ) ,  s i n c e  t h e  u n d e r l y i n g  mechanism
b e h in d  t h e  l a b y r i n t h  r e f l e x  i s  dependan t  upon t h e  r e s p o n se
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c h a r a t e r i s t i c s  o f  o t o l i t h  a f f e r e n t s  and t h e  s u b s e q u e n t  
n e u r a l  c i r c u i t r y  in v o lv e d .
S in c e  th e  e a r l y  work on o t o l i t h  f u n c t i o n  t h e r e  has  
been  c o n s i d e r a b l e  l i t e r a t u r e  d e t a i l i n g  t h e  r e s p o n se  
dynamics  o f  o t o l i t h  a f f e r e n t s ,  and of  c e l l s  l o c a t e d  i n  t h e  
c e n t r a l  n e rv o u s  sys tem  r e c e i v i n g  o t o l i t h  i n p u t .
As d e s c r i b e d  by Lowens te in  and R o b e r t s  (1950) 
o t o l i t h  a f f e r e n t s  respond  i n  a m a i n t a i n e d  f a s h i o n  to  s t a t i c  
h e ad  t i l t s .  A l l  such u n i t s  d e s c r i b e d  by L ow en s te in  and 
R o b e r t s  show i n c r e a s e d  d i s c h a r g e  w i th  s i d e - u p  t i l t s .  In 
s t u d i e s  on o t o l i t h  a f f e r e n t s  in  c a t s  ( V id a l ,  J e a n n e r o d ,  
L i f s c h i t z ,  Rosenberg & Segundo, 1971;  Loe,  Tomoko & Werner ,  
1973) and i n  s q u i r r e l  monkeys (Fe rnandez ,  Goldberg  & Abend,
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1972;  F e rn an d e z  and G o ld be rg ,  1976a & b) i t  has  been shown 
t h a t  a f f e r e n t s  e x h i b i t  g r e a t e s t  s e n s i t i v i t y  t o  t i l t s  abou t  
s p e c i f i c  v e c t o r s .  These v e c t o r s  c o r r e s p o n d  t o  t h e  
m o r p h o l o g i c a l  a x i s  o f  p o l a r i s a t i o n  of  t h e  h a i r  c e l l s  
s u p p l i e d  by t h e  a f f e r e n t s .  The p o l a r i s a t i o n  v e c t o r  i s  
d e f i n e d  as  t h e  a x i s  ru nn ing  from t h e  s m a l l e s t  s t e r e o c i l i u m  
t o  t h e  k i n o c i l i u m  of an i n d i v i d u a l  h a i r  c e l l .  In  t h e  
u t r i c l e  t h e s e  v e c t o r s  l i e  in  a n e a r  h o r i z o n t a l  p l a n e  
w h e re a s  i n  t h e  s a c c u l e  th ey  l i e  i n  a s a g g i t a l  p l a n e .  
C o n s e q u e n t l y  u t r i c u l a r  u n i t s  of  t h e  ty p e  d e s c r i b e d  by 
L o w e n s te in  and R o b e r t s  (1950) a r e  common, b u t  t h e  m a j o r i t y  
o f  u n i t s  d e s c r i b e d  by o t h e r s  (Vidal  e t  a l .  1971; G oldberg  
and F e r n a n d e z ,  1975) show respo n se  c h a r a c t e r i s t i c s  o p p o s i t e  
t o  t h i s .  A r a t i o  of  a p ro x im a te ly  3 t o  1 o f  u t r i c u l a r  u n i t s  
who d i s p l a y  i n c r e a s e d  t o n i c  f i r i n g  on s ide -dow n  t i l t s _ a e e  i> 
c o n s i s t e n t l y  o b s e rv e d .  U n i t s  o f  u t r i c u l a r  o r i g i n  a r e  
t h e r e f o r e  most s e n s i t i v e  to  l a t e r a l  t i l t s  a round t h e  normal 
p o s i t i o n  w i th  t h e  m a j o r i t y  of  c e l l s  b e in g  e x c i t e d  by 
s id e -d o w n  t i l t s  or c o n t r a l a t e r a l l y  d i r e c t e d  l i n e a r  
a c c e l e r a t i o n s .  Many u n i t s  a l s o  show a dynamic component i n  
t h e i r  r e s p o n s e  to  t i l t i n g  (Vidal  e t  a l .  1971; G o ldberg  and 
F e r n a n d e z ,  1975; Fernandez  e t  a l .  1 9 7 2 ) .  T h is  p h a s i c  
component may th en  be p a r t l y  r e s p o n s i b l e  f o r  t h e  g e n e r a t i o n  
o f  p h a s i c  or  p h a s i c / t o n i c  r e f l e x e s  as  d e s c r i b e d  by L ind say  
(1975) .
The p r e v a l e n c e  of  i p s i l a t e r a l  e x c i t a t i o n  i n  
p o p u l a t i o n s  of  u t r i c u l a r  a f f e r e n t s  i s  a l s o  r e f l e c t e d  w i t h i n  
t h e i r  p r o j e c t i o n s  to  t h e  v e s t i b u l a r  n u c l e i .  S i n g l e  u n i t  
s t u d i e s  o f  D e i t e r s  n u c le u s  ( l a t e r a l  v e s t i b u l a r  n u c le u s )
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which  r e c e i v e s  a l a r g e  p r o j e c t i o n  from t h e  u t r i c l e  (B ro d a i ,  
Pompeiano & W a l lb e r g ,  1962; Gaeck, 1 9 6 9 ) ,  have  r e v e a l e d ,  
u s i n g  n a t u r a l  v e s t i b u l a r  s t i m u l a t i o n ,  u n i t s  showing an 
i n c r e a s e  i n  d i s c h a r g e  w i th  s ide-down t i l t s  and a d e c r e a s e d  
d i s c h a r g e  w i th  s i d e - u p  t i l t s .  U n i t s  showing b e h a v io u r  
r e c i p r o c a l  t o  t h i s  were a l s o  d e s c r i b e d .  These r e s p o n s i v e  
u n i t s  were  te rm ed  a lp h a  and b e ta  r e s p e c t i v e l y  by Duensing  
and S c h a e f e r  (1959) . In  a s tudy  on t h e  a c t i v i t y  of  l a t e r a l  
v e s t i b u l a r  n u c l e a r  c e l l s  i n  r e sp on se  t o  l a t e r a l  chan ges  i n  
h e ad  p o s i t i o n  F u j i t a ,  Rosenberg and Segundo, (1968) 
r e p o r t e d  t h a t  66% of  r e s p o n s iv e  u n i t s  d i s p l a y e d  a lp h a  l i k e  
c h a r a c t e r i s t i c s .  The rem ain ing  33% were  b e t a  l i k e .  From t h e  
r e s u l t s  o f  P e t e r s o n  (1970) t h e  r a t i o  o f  a l p h a i b e t a  
r e s p o n s e s  w i t h i n  t h e  l a t e r a l  v e s t i b u l a r  n u c le u s  i s  found  t o  
be c l o s e  t o  3 t o  1 .  On t h i s  b a s i s ,  and on i n f o r m a t i o n  
c o n c e r n i n g  t h e  f a c i l i t a t o r y  i n f l u e n c e  on l imb m oto n eu ro n es  
f rom v e s t i b u l o s p i n a l  t r a c t  s t i m u l a t i o n  (Lund and Pompeiano, 
1968 and Maeda, Maunz & W ilson ,  1 9 7 5 ) ,  an i p s i l a t e r a l  
pa thw ay  of  l a b y r i n t h i n e  r e f l e x e s  was f a v o u r e d  above a 
c o n t r a l a t e r a l  one. R o b e r t s  (1978) second  e d i t i o n  o f  h i s  
book d i f f e r s  from th e  f i r s t  i n  t h a t  t h e  model o f  L o w en s te in  
and R o b e r t s  (1950) i s  no t  d i s c u s s e d  w i t h  r e s p e c t  to  
p a th w a y s ,  t h e  r e f l e x  b e h av io u r  of t h e  m usc les  o n ly  a^r e^ -  ^
c o n s i d e r e d .
In  a r e c e n t  s tud y  on th e  b e h a v io u r  of  c e n t r a l  
v e s t i b u l a r  neu ro n es  Schor ,  M i l l e r  and Tomoko (1984) 
d e s c r i b e  t h e  d i s t r i b u t i o n  of  d i r e c t i o n  v e c t o r s  w i t h i n  t h e  
l a t e r a l  v e s t i b u l a r  n u c l e i  of d e c e r e b r a t e  c a t s .  By t i l t i n g  
t h e  head  s lo w ly  in  com b ina t io ns  of  d i r e c t i o n s ,  t h e
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d i r e c t i o n  p r o d u c in g  maximal r a t e  of  f i r i n g  i n c r e a s e  co u ld  
be p r e d i c t e d  by v e c t o r i a l  a d d i t i o n .  T h i s  was done i n  c a t s  
i n  which  t h e  s e m i c i r c u l a r  c a n a l s  were r e n d e r e d  
non—f u n c t i o n a l .  The r e s u l t s  from 100 c e l l s  t h e r e f o r e  
r e f l e c t  t h e  b e h a v io u r  of  n e u ro nes  r e c e i v i n g  o t o l i t h  
p r o j e c t i o n s .  For each c e l l  a p a r t i c u l a r  v e c t o r  of  maximal 
s e n s i t i v i t y  i n  t h e  h o r i z o n t a l  p l a n e  was e s t a b l i s h e d .  Of t h e  
100 c e l l s  t h e r e  was no un iform  d i s t r i b u t i o n  of  v e c t o r s .  
P a r t i c u l a r l y  n o t i c e a b l e  i n  t h i s  s tu d y  was t h e  a b sen c e  of 
c e l l s  r e s p o n s i v e  to  t i l t s  i n  t h e  f o r e  and a f t  d i r e c t i o n s .  
T h i s  i s  i n  ag reem ent  w i th  th e  r e s u l t s  o f  A d r ian  (19 4 3 ) ,  and 
F u j i t a  e t  a l .  (19 6 8 ) .  I n t e r e s t i n g l y ,  c e l l s  w i th  v e c t o r s  
i n d i c a t i v e  o f  e x c i t a t i o n  w i th  s i d e - u p  t i l t s  ( b e t a  r e s p o n se )  
were  s t a t i s t i c a l l y  d e m o n s t r a te d  to  be more s e n s i t i v e  to  
t i l t  t h a n  c e l l s  showing an i n c r e a s e  i n  f i r i n g  on s ide -dow n 
t i l t s  ( a l p h a  r e s p o n s e ) . The number of  c e l l s  d i s p l a y i n g  
a l p h a  l i k e  r e s p o n s e s  e q u a l l e d  66%, t h e  rem a in ing  34% 
showing b e t a  l i k e  b e h a v io u r  (as found by F u j i t a  e t  a l .
1 9 6 8 ) .  Of t h e s e  c e l l s  t h o s e  e x c i t e d  by s i d e - u p  t i l t s  t e n d e d  
t o  be l o c a t e d  v e n t r a l l y  in  t h e  l a t e r a l  v e s t i b u l a r  n u c l e i ,  
w h i l e  t h o s e  e x c i t e d  by s ide -dow n t i l t s  were  more e v en ly  
d i s t r i b u t e d  t h ro u g h o u t  t h e  n u c le u s  ( c f .  Schor and M i l l e r  
1982) . T h i s  d i s t r i b u t i o n  of  c e l l s  w i t h i n  t h i s  n u c le u s  may 
be  i m p o r t a n t ,  a s  a so m a to to p ic  r e p r e s e n t a t i o n  p r e v a i l s  i n
t h e  v e s t i b u l a r  n u c l e i .
The l a t e r a l  v e s t i b u l a r  n u c l e i  r e c e i v e s  a 
n o n - u n i f o rm  d i s t r i b u t i o n  of  a f f e r e n t  p r o j e c t i o n s  from t h e  
l a b y r i n t h  (Brodai  e t  a l . ,  1962) t h e  m a j o r i t y  of 
m o n o sy n a p t i c  t e r m i n a t i o n s  b e in g  l o c a t e d  v e n t r a l l y .
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F u r t h e r m o r e  i n  r e s p e c t  to  s p i n a l  p r o j e c t i o n s  t h e  n u c l e i  can 
be d i v i d e d  i n t o  f o r e l i m b  ( r o s t r o v e n t r a l )  and h in d l im b  
( d o r s o c a u d a l ) r e g i o n s .  Based on t h i s  i n f o r m a t i o n  i t  may be 
t h a t  t h e  b e t a  l i k e  c e l l s  show a h i g h e r  s e n s i t i v i t y  as  a 
c o n se q u e n c e  of  s t r o n g e r ,  more d i r e c t  s y n a p t i c  l i n k a g e  w i th  
t h e  l a b y r i n t h .  The r e s u l t s  of  Schor e t  a l .  (1984) 
d e m o n s t r a t e  t h a t  d e s p i t e  a b road  d i s t r i b u t i o n  of  r e s p o n s i v e  
u n i t s  t o  a v a r i e t y  o f  head t i l t s  t h e  l a t e r a l  v e s t i b u l a r  
n u c l e i  may be s p e c i a l i z e d  i n  t h e  c o n t r o l  o f  m usc le  g roups  
t h a t  i n f l u e n c e  s i d e  to  s i d e  s t a b i l i t y ,  and ,  n o t  f o r e  and 
a f t  s t a b i l i t y .  The l a t e r a l  v e s t i b u l a r  n u c l e i  must t h e r e f o r e  
be c o n s i d e r e d  a s  a f a v o u r a b l e  s i t e  f o r  r e l a y i n g  t h e  
a s y m m e tr i c  r e f l e x e s  d e s c r i b e d  by L indsay  e t  a l .  ( 1 9 7 6 ) .
In  s t u d i e s  on o t o l i t h  r e f l e x e s  Schor and M i l l e r  
(1981 ,  1982) c h a r a c t e r i s e d  t h e  dynamic r e s p o n s e s  o f  b o th  
neck  and f o r e l i m b  e x te n s o r  m usc les  d u r i n g  s i n u s o i d a l  r o l l  
t i l t  i n  d e c e r e b r a t e  c a t s .  By s tu d y i n g  f o r e l i m b  r e f l e x e s  i n  
no rm al  c a t s  and i n  c a t s  w i th  a l l  s i x  s e m i c i r c u l a r  c a n a l s  
p lu g g e d  (Schor & M i l l e r  19 8 1 ) ,  t h e  o t o l i t h  c o n t r i b u t i o n  to  
v e s t i b u l o s p i n a l  r e f l e x e s  i n  an e x t e n s o r  m usc le  o f  t h e  
f o r e l i m b  was a s s e s e d  by r e c o r d i n g  EMG d u r i n g  s i n u s o i d a l  
r o t a t i o n  (0 .01  t o  2H z) . With low f re q u e n c y  of  r o t a t i o n  t h e  
r e s p o n s e  i n  b o th  g roups  of  c a t s  was e s s e n t i a l l y  s i m i l a r .
The p a t t e r n  o f  r e f l e x  a c t i v i t y  a g r e e i n g  w i t h  t h e  r e s u l t s  o f  
L in d s a y  e t  a l .  (1976) ,  i n  t h a t  com pensa to ry  a c t i v i t y  
i n c r e a s e s  i n  e x te n s o r  a c t i v i t y  accompanying s i d e —down 
t i l t s .  For f r e q u e n c i e s  below O.lHz b o th  normal and c a n a l  
p lu g g e d  c a t s  p o s s e s e d  f l a t  g a in  and phase  c h a r a c t e r i s t i c s .  
But  on s i n u s o i d a l  t i l t s  above O.lHz a c o n s i d e r a b l e  phase
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l a g  w i t h  r e s p e c t  t o  p o s i t i o n  d e v e lo p s  ( a p p r o x im a te ly  180 
d e g r e e s )  i n  c a n a l  p lug ged  p r e p a r a t i o n s  a s  opposed t o  a 
s l i g h t  l e a d  i n  c a t s  w i th  f u n c t i o n i n g  c a n a l s .  These r e s u l t s  
i n d i c a t e  t h a t  t h e  o t o l i t h  o rgans  a r e  r e s p o n s i b l e  f o r  th e  
low f r e q u e n c y  r e s p o n se  of  fo r e l im b  e x t e n s o r s  bu t  w i th  
h i g h e r  f r e q u e n c i e s  o f  t i l t  an a d d i t i o n a l  i n p u t  from t h e  
s e m i c i r c u l a r  c a n a l s  s e r v e s  to  m a i n t a i n  a com pensa tory  
r e f l e x .  Compensatory  r e f l e x e s  from t h e  o t o l i t h s  a r e  
t h e r e f o r e  o n ly  e f f e c t i v e  in d e p e n d e n t ly  of  t h e  s e m i c i r c u l a r  
c a n a l s  d u r i n g  s t a t i c  t i l t s  or  s lo w ly  m odu la ted  p o s i t i o n  
c h a n g e s .
In  a fo l lo w  up s t u d y ,  Schor and M i l l e r  (1982) 
compared t h e  dynamics of  c e n t r a l  v e s t i b u l a r  n eu rones  w i th  
t h e  dynamics  o f  t h e  m uscu la r  a c t i v i t y  induced  i n  neck and 
f o r e l i m b  e x t e n s o r s  by s i n u s o i d a l  t i l t .  A l though o t h e r  
w o r k e r s  have  c h a r a c t e r i s e d  t h e  dynamics o f  v e s t i b u l a r  
n e u r o n e s  t o  s i n u s o i d a l  t i l t  (Boyle and Pompieano,  1980) , 
t h i s  work was c a r r i e d  o u t  on c a n a l  p lu g g e d  p r e p a r a t i o n s ,  
and i s  t h e r e f o r e  s p e c i f i c a l l y  c o n ce rn e d  w i th  o t o l i t h  
r e f l e x e s .  Neurones w i t h i n  t h e  v e s t i b u l a r  n u c l e a r  complex 
were  i d e n t i f i e d  by a n t i d r o m i c  s t i m u l a t i o n  as  b e lo n g in g  to  
one o f  t h e  v e s t i b u l o s p i n a l  t r a c t s .  By c o r r e l a t i n g  t h e  
b e h a v i o u r  of  v e s t i b u l a r  u n i t s  to  t h e  dynamic b e h a v io u r  of  
t h e  m u sc le s  t h e  f o l lo w in g  r e s u l t s  were o b t a i n e d .
As d e s c r i b e d  above f o r e l i m b  e x t e n s o r  m usc les  
d e v e lo p  a p r o g r e s s i v e  phase  l a g  a t  f r e q u e n c i e s  of  
s i n u s o i d a l  t i l t  above O.lHz in  c an a l  p lug g ed  c a t s .  Of th e  
n e u ro n e s  which e x h i b i t e d  s i m i l a r  phase  c h a r a c t e r i s t i c s  to  
t h e  m u sc le s  th e  m a j o r i t y  d i s p l a y e d  b e t a - l i k e  r e s p o n s e s ,
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w i th  on ly  one ou t  of 55 a lpha  u n i t s  behav ing  w i t h  phase  
c h a r a c t e r i s t i c s  s i m i l a r  to  muscle  (39 ou t  o f  48 b e t a  c e l l s  
showed m u s c l e - l i k e  phase  r e l a t i o n s ) . The m a j o r i t y  o f  t h e s e  
c e l l s  c o n t r i b u t e d  to  th e  v a r io u s  v e s t i b u l o s p i n a l  t r a c t s .  Of 
t h e  b e t a  l i k e  c e l l s  showing muscle  l i k e  phase  
c h a r a c t e r i s t i c s  80% p r o j e c t e d  to  t h e  s p i n a l  c o rd .  I f  t h e s e  
c e l l s  p l a y  a p a r t  i n  v e s t i b u l o s p i n a l  r e f l e x e s ,  and t h e  
pathway to  e x t e n s o r  motoneurone i s  f a c i l i t a t o r y ,  t h e n  th e y  
must  be i n v o lv e d  i n  a pathway which p r o j e c t s  t o  t h e  
c o n t r a l a t e r a l  motorneurone  p o o l s .  The a l p h a - l i k e  c e l l s  
which show f l a t  phase  r e l a t i o n s  can t h e o r e t i c a l l y  
c o n t r i b u t e  towards  o t o l i t h  r e f l e x e s  a t  low f r e q u e n c i e s  of  
t i l t ,  though  one would imagine t h a t  t h e s e  c e l l s  a c t e d  
i p s i l a t e r a l l y .  The dynamic b eh av io u r  of t r i c e p s  d u r in g  
s i n u s o i d a l  r o t a t i o n  i s  p roposed  to  r e s u l t  from a 
p a r t i c i p a t i o n  o f  i p s i l a t e r a l  a lpha  and c o n t r a l a t e r a l  b e t a  
n e u ro n e s  a t  low f r e q u e n c i e s .  The phase  l a g g i n g  b e h a v io u r  of 
t h e  m usc le  a t  f r e q u e n c i e s  g r e a t e r  th an  O.lHz i n d i c a t e s  t h a t  
o n ly  t h e  b e t a  neu rones  a r e  a p p r o p r i a t e  f o r  t h e  o b se rv e d  
r e f l e x  a c t i v i t y .  The s u g g e s t io n  of  a c o n t r i b u t i o n  from t h e  
o t o l i t h s  to  t h e  c o n t r a l a t e r a l  r e f l e x  s u p p o r t s  t h e  
p r e d i c t i o n s  of  Lowens te in  and R o b e r ts  (1950) .  Schor and 
M i l l e r ' s  (1982) e x p e r im e n ts  a r e ,  however, on ly  i n d i c a t i v e ,  
b u t  a r e  to  some e x t e n t  su p p o r te d  by r e s u l t s  a c h ie v e d  by 
e l e c t r i c a l  s t i m u l a t i o n  of t h e  whole l a b y r i n t h  in  
d e c e r e b r a t e  an im a ls  (Maeda e t  a l .  1975) .
[Whole l a b y r i n t h  s t i m u l a t i o n  g e n e r a t e s  a 
n o n - s p e c i f i c  i n c r e a s e d  d i s c h a r g e  in  a f f e r e n t s  r e s p o n d in g  to  
o t o l i t h  and c a n a l  i n p u t s ,  c o n s e q u e n t ly ,  a c t i v a t i n g  b o th
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a l p h a  and b e t a  ty p e  v e s t i b u l a r  u n i t s ,  a s  w e l l  as t h o s e  
r e c e i v i n g  c o n v e r g e n t  c a n a l  i n p u t s .  Maeda e t  e l .  (1975) 
r e p o r t e d  t h a t  whole l a b y r i n t h  s t i m u l a t i o n  r e s u l t s  i n  
e x c i t a t o r y  s y n a p t i c  p o t e n t i a l s  b i l a t e r a l l y  i n  f o r e l i m b  
e x t e n s o r  m o to n e u ro n es .  T h is  d e m o n s t r a t e s  t h a t  a pa thway to  
t h e  c o n t r a l a t e r a l  motor pool e x i s t s ,  a l t h o u g h  l i t t l e  e l s e  
o f  f u n c t i o n a l  s i g n i f i c a n c e  can be a t t r i b u t e d  to  t h i s  due to  
t h e  non s p e c i f i c  s t i m u l i . ]
By s t u d y i n g  t h e  e f f e c t  of  v e s t i b u l o s p i n a l  t r a c t  
l e s i o n s  on r o l l  t i l t  r e f l e x e s  M i l l e r ,  Roosin  and Schor 
(1982) r e p o r t e d  t h a t  l e s i o n s  to  t h e  m ed ia l  v e s t i b u l o s p i n a l  
t r a c t  d id  n o t  s i g n i f i c a n t l y  a l t e r  t h e  r e f l e x  b e h a v io u r  of 
e i t h e r  neck or  f o r e l i m b  m u sc le s .  U n i l a t e r a l  s e c t i o n  o f  t h e  
l a t e r a l  v e s t i b u l o s p i n a l  t r a c t  a t  C2-C3, however had marked 
e f f e c t s  on t h e  r e f l e x  b e h av io u r  of t h e  c o n t r a l a t e r a l  
t r i c e p s .  I t  sh o u ld  be n o ted  t h a t  t h e s e  l e s i o n s  a l s o  i n v o lv e  
i p s i l a t e r a l  r e t i c u l o s p i n a l  t r a c t s  e i t h e r  w ho l ly  or  
p a r t i a l l y .  The r e f l e x  b e h a v io u r  of  t r i c e p s  i p s i l a t e r a l  to  
t h e  l e s i o n  ap p ro a ch e d  norm al .  The r e f l e x  r e s p o n se  o f  t h e  
c o n t r a l a t e r a l  t r i c e p s  was however r e v e r s e d  a t  low 
f r e q u e n c i e s  o f  s i n u s o i d a l  t i l t .  At t i l t  f r e q u e n c i e s  g r e a t e r  
t h a n  O.lHz t h e  phase  c h a r a c t e r i s t i c s  o f  t h e  c o n t r a l a t e r a l  
t r i c e p s  a p p ro a ch e d  normal v a l u e s .  However, a t  t h e s e  
f r e q u e n c i e s  o f  t i l t  a s e m i c i r c u l a r  c a n a l  component becomes 
i m p o r t a n t  i n  f o r e l i m b  v e s t i b u l o s p i n a l  r e f l e x e s  (Schor and 
M i l l e r ,  1 9 8 1 ) .  The a p p a r e n t  normal b e h a v io u r  of  b o th  i p s i -  
and c o n t r a l a t e r a l  t r i c e p s  a t  t h e s e  h i g h e r  t i l t  f r e q u e n c i e s  
i n d i c a t e s  t h a t  bo th  c r o s s e d  and u n c ro s se d  c a n a l - f o r e l i m b  
p a th w ay s  o p e r a t e  and, s i n c e  th e  r e f l e x  re s p o n s e s  o f  t h e
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m u s c le s  a r e  a sym m etr ic  t h e  d r iv e  or th e  s i g n  o f  th e se  
p a th w a y s  i s  d i f f e r e n t .
The r e f l e x  r e v e r s a l  se en  i n  t r i c e p s  on t h e  s i d e  
o p p o s i t e  t o  t h e  l e s i o n  d u r i n g  low f r e q u e n c i e s  o f  t i l t  i s  
a n a l o g o u s  t o  t h e  r e f l e x  r e v e r s a l  s e en  i n  a c u t e l y  
h e m i l a b y r i n t h e c t o m i z e d  c a ts  by both Nagaki (1967) and by
L in d s a y  and Rosenberg  (1978) fo llo w in g  s t a t i c  h e ad  t i l t s .
In t h e s e  e x p e r i m e n t s  t h e  t o n i c  la b y r in th  r e f l e x  on t h e  s i d e  
o f  t h e  l e s i o n  i s  u n a l t e r e d  ( i . e . ,  s i d e —down t i l t s  l e a d  t o  
e x te n so r  f a c i l i t a t i o n ) , b u t  th e  r e s p o n s e  o f  t h e  
c o n t r a l a t e r a l  e x t e n s o r  (on t h e  s i d e  o f  t h e  i n t a c t  
l a b y r i n t h )  i s  r e v e r s e d .  A s ide -dow n  t i l t ,  w i t h  r e s p e c t  t o  
t h e  s i d e  o f  t h e  l e s i o n ,  r e s u l t s  in  a r e d u c t i o n  i n  e x te n so r  
to n e . The p a t t e r n  o f  r e f l e x  behaviour i n  t h e  
h e m i l a b y r i n t h e c t o m i z e d  c a t  i s  one o f  symmetry be tw een  t h e  
l i m b s .  As i n  t h e  t o n i c  r e f l e x ,  t h e  r e f l e x  b e h a v i o u r  o f  
m u s c le s  du rin g  low f r e q u e n c y  s i n u s o i d a l  t i l t  r e s u l t s  from 
t h e  a c t i v a t i o n  o f  t h e  o t o l i t h  organ s. I n  t h e  e x p e r i m e n t s  o f  
M i l l e r  e t  a l .  (1982) th e  phase  b e h a v io u r  o f  t r i c e p s  
i p s i l a t e r a l  to  t h e  l e s i o n  was normal b u t ,  a s  m en t io n ed  
p r e v i o u s l y  t h e  phase  o f  t h e  r e f l e x  r e s p o n s e  i n  t h e  o p p o s i t e  
t r i c e p s  was r e v e r s e d .  The r e v e r s a l  i n  t h e  d i r e c t i o n  o f  t h e  
o t o l i t h  r e f l e x  on t h e  i n t a c t  s i d e  i n  b o th  
h e m i l a b y r i n t h e c t o m i z e d  (Nagaki ,  1967;  L in d s a y  and 
R o se n b e rg ,  1 9 7 8 ) ,  and i n  s p i n a l  l e s i o n  e x p e r im e n t s  ( M i l l e r  
e t  a l . ,  1982) s u g g e s t s  t h a t  in  i n t a c t  c a t s  t h e  i p s i l a t e r a l  
o t o l i t h  i n f l u e n c e  i s  i n a p p r o p r i a t e  t o  p r o v i d e  t h e  n e c e s s a r y  
c o m pen sa to ry  r e f l e x -  The i n t e r r u p t i o n  o f  t h e  i p s i l a t e r a l  
p a thw ays  by s p i n a l  l e s i o n s  does  n o t  a f f e c t  t h e  n a t u r e  o f
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t h e  r e f l e x  on t h e  s i d e  of  th e  l e s i o n .  T h is  s u g g e s t s  t h a t  
f o r  t h e  normal  a p p ea rence  of th e  o t o l i t h  r e f l e x ,  a c r o s s e d  
pa thw ay has  t o  o p e r a t e .  A c r o s s e d  o t o l i t h - s p i n a l  pathway 
m ig h t  t h e r e f o r e  be u t i l i z e d  as  a r e l a y  w i t h i n  t h e  
v e s t i b u l a r  n u c l e i  f o r  t h e  i n f o r m a t i o n  s i g n a l l e d  t o  t h e  b e t a  
c e l l s ,  which  as  d e s c r i b e d  by Schor and M i l l e r  (1982) show 
m u sc le  l i k e  phase  r e l a t i o n s  to  s i n u s o i d a l  t i l t .  In  t h i s  
s t u d y  o f  t h e  r e sp o n se  c h a r a c t e r i s t i c s  o f  v e s t i b u l a r  
n e u r o n e s  Schor  and M i l l e r  (1982) s u g g e s t e d  t h a t  t h e  b e t a  
u n i t s  c o u ld  c o n t r i b u t e  toward  a c o n t r a l a t e r a l  o t o i l t h  
f o r e l i m b  r e f l e x  w i th  th e  a lp h a  u n i t s  p o s s i b l y  i n f l u e n c i n g  
t h e  b e h a v i o u r  of  i p s i l a t e r a l  e x t e n s o r  m usc les  a t  low 
f r e q u e n c i e s  o f  s i n u s o i d a l  t i l t .  An i n f l u e n c e  from t h e  a lp h a  
u n i t s  on e x t e n s o r  m usc les  d u r in g  t h e s e  o t o l i t h  r e f l e x e s  
seems u n l i k e l y  i n  l i g h t  of  th e  r e s u l t s  from e x p e r im e n t s  
p e r f o r m e d  on c a t s  w i th  s p i n a l  l e s i o n s ,  and from c a t s  
f o l l o w i n g  a c u t e  h e m i la b y r in th e c to m y .  I f  a f a c i l i t a t o r y  
d r i v e  to  m otoneurones  from th e  i p s i l a t e r a l  a lp h a  v e s t i b u l a r  
u n i t s  o p e r a t e d ,  i t  would be e x p e c te d  t h a t  by removing t h e  
c r o s s e d  pathway th e  r e f l e x  would s t i l l  o p e r a t e  i n  t h e  same 
d i r e c t i o n  ( i . e . ,  s ide-down t i l t  i n c r e a s i n g  e x t e n s o r  t o n e ) .  
T h i s ,  however ,  i s  n o t  th e  c a s e .  The r e f l e x  on t h e  i n t a c t  
s i d e ,  d e p r i v e d  of  a c o n t r a l a t e r a l  i n f l u e n c e  shows a 
r e v e r s a l  i n  t h e  re spo n se  to  t i l t  (a s i d e —down t i l t  
p r o d u c i n g  r e l a x a t i o n  of  t h e  e x t e n s o r ) .  I t  would t h e r e f o r e  
a p p e a r  t h a t  in  t h i s  case  a b e ta  r e s p o n se  has  been imposed 
i p s i l a t e r a l l y  on th e  m usc le .  Both c r o s s e d  and u n c r o s s e d  
o t o l i t h - s p i n a l  r e f l e x  pathways would appea r  to  e x i s t ,  and 
u t i l i s e  i n  some, as  y e t  unknown, manner th e  b e h a v io u r  of
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t h e  b e t a  v e s t i b u l a r  n e u ro n e s .  In  t h e  i n t a c t  c a t  w i th  two 
f u n c t i o n a l  l a b y r i n t h s  th e  p r o d u c t io n  o f  an asym m etr ic  form 
o f  co m p e n sa to ry  r e f l e x e s ,  r e s u l t i n g  from s t a t i c  or s low ly  
m o d u la t e d  head  t i l t s  r e q u i r e s  t h a t  t h e  c r o s s e d  o t o l i t h  
pa thw ay e x e r t s  a more powerfu l  i n f l u e n c e  upon e x t e n s o r  
m o to n e u ro n es  t h a n  t h a t  a r i s i n g  from t h e  i p s i l a t e r a l  
o t o l i t h .  With more r a p i d  head t i l t s  a c a n a l  i n f l u e n c e  i s  
r e c o g n i s e d  i n  t h e  b e h a v io u r  of t h e  m usc le s  (Schor and 
M i l l e r ,  1 9 8 1 ) ,  t h i s  i n f l u e n c e  i s  unchanged f o l l o w i n g  s p i n a l  
l e s i o n s  i n d i c a t i n g  t h a t  both  c ro s s e d  and u n c ro s s e d  
c a n a l - s p i n a l  pa thways p ro b ab ly  c o o p e r a t e  i n  t h e  p r o d u c t i o n  
o f  co m p en sa to ry  r e f l e x e s  to  movements o f  t h e  head .
In  t h i s  scheme of r e f l e x  c o n n e c t i v i t y  o t o l i t h  and 
c a n a l  i n f l u e n c e s  a r e  t r a n s m i t t e d  to  m u sc le s  o f  t h e  o p p o s i t e  
s i d e  by f i r s t  d e sce n d in g  i n  t h e  i p s i l a t e r a l  h a l f  of  t h e  
s p i n a l  c o rd  p r i o r  to  c r o s s i n g  o v e r .  Such a pathway was 
d e s c r i b e d  by Maeda e t  a l .  (1975) from s t u d i e s  u s in g  
e l s c t r i c a l  s t i m u l a t i o n  of  th e  l a b y r i n t h .  From t h e  r e s u l t s  
o f  M i l l e r  e t  a l .  (1982) i t  t h e r e f o r e  a p p e a r s  t h a t  a lp h a  
v e s t i b u l a r  neu ron es  do no t  seem to  p l a y  a r o l e  i n  o t o l i t h  
r e f l e x e s .  In  t h i s  r e s p e c t  t h e  a u t h o r s  s u g g e s t  t h a t  t h e s e  
c e l l s  s e r v e  to  p r o v id e  a s t a t i c  l e v e l  o f  background  
f a c i l i t a t i o n  to  e x t e n s o r  m otoneurones .  I f  t r u e ,  t h i s  would 
e x p l a i n  why 8 th  ne rve  s e c t i o n  or l e s i o n s  t o  t h e  l a t e r a l  
v e s t i b u l o s p i n a l  t r a c t  r e s u l t  i n  a l o s s  o f  e x t e n s o r  ton e  
i p s i l a t e r a l  t o  th e  l e s i o n .  The t i l t  m o d u la t io n  of  t h e s e  
u n i t s ,  however ,  makes i t  u n l i k e l y  t h a t  t h i s  i s  t h e  s o l e  
f u n c t i o n  o f  t h e s e  s p i n a l  p r o j e c t i n g  n e u r o n e s .
The p a t t e r n  of  p roposed  pathways s u g g e s t e d  by Schor
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and M i l l e r  (1982) ha s  c lo s e  s i m i l a r i t i e s  t o  t h e  o r i g i n a l  
scheme of  pa thw ays  p r e s e n t e d  by L ow ens te in  and R o b e r t s  
(1950) , i n  t h a t  o t o l i t h  r e f l e x e s  a r e  seen  to  be 
p r e d o m i n a t e l y  c o n t r a l a t e r a l ,  and th e  a d eq u a te  s t i m u l u s  
a p p e a r s  t o  o p e r a t e  th rough  c e l l s  t h a t  show i n c r e a s e d  f i r i n g  
w i t h  s i d e - u p  t i l t s .
A l though  th e  e x p e r im en ts  of  M i l l e r  e t  a l .  (1982) 
a r e  c h i e f l y  c o n ce rn e d  w i th  l e s i o n s  to  v e s t i b u l o s p i n a l  
s y s t e m s ,  t h e  c o n c l u s i o n  cannot  be r e a ch e d  t h a t  t h e s e  a r e  
t h e  s p i n a l  t r a c t s  i n v o lv e d  i n  t h e  l a b y r i n t h  r e f l e x e s .  As 
m e n t io n e d  p r e v i o u s l y  a l l  of  t h e s e  e x p e r im e n t s  i n v o lv e d  in  
a d d i t i o n  t o  a v e s t i b u l o s p i n a l  l e s i o n  a n o n - s p e c i f i c  l e s i o n  
o f  r e t i c u l o s p i n a l  t r a c t s  (a p o i n t  s t a t e d  by M i l l e r  e t  a l . ,  
1982) .
E l e c t r i c a l  s t i m u l a t i o n  o f  t h e  l a b y r i n t h  or t h e  
v e s t i b u l a r  n e rv e  i s  known to  i n f l u e n c e  r e t i c u l o s p i n a l  
n e u r o n e s  l o c a t e d  i n  t h e  m ed u l la ry  and p o n t in e  r e t i c u l a r  
f o r m a t i o n  ( P e t e r s o n  & F e l p e l ,  1971; P e t e r s o n ,  F i l i o n ,
F e l p e l  & Adzug, 1975;  P e t e r s o n ,  Fukusima, H i r a i ,  Schor & 
W i l s o n ,  1980) a s  does v e s t i b u l a r  n e rv e  s t i m u l a t i o n  
P e t e r  son and ^jdzug 1975) .  I t  has  t h e r e f o r e  been s u g g e s t e d  
t h a t  t h e  r e t i c u l o s p i n a l  system p l a y s  a p a r t  in  t h e  
p r o d u c t i o n  o f  l a b y r i n t h  r e f l e x e s .  N a t u r a l  s t i m u l a t i o n  of  
r e t i c u l o s p i n a l  neu rones  has  a l s o  been d e m o n s t r a te d  t o  occu r  
f rom t h e  l a b y r i n t h  (Manzoni, Pompeiano, S tam pacch ia  & 
S r i v a s t a v a ,  1 9 8 3 ) .  Manzoni e t  a l .  (1983) r e p o r t e d  t h a t  ou t  
o f  t h e  r e s p o n s i v e  r e t i c u l a r  u n i t s  i d e n t i f i e d  as  p r o j e c t i n g  
t o  t h e  s p i n a l  c o rd  58% showed an i n c r e a s e d  d i s c h a r g e  w i th  
s i d e - u p  t i l t s  ( b e t a - l i k e  response )  and of  th e  r e m a in d e r .
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33% d i s p l a y e d  t h e  o p p o s i t e  response  ( a l p h a - l i k e ) , w i th  9% 
o f  c e l l s  showing i n t e r m e d i a t e  c h a r a c t e r i s t i c s .  Of t h e s e  
c e l l s  t h e  b e t a - l i k e  u n i t s  show h ig h e r  mean g a in  and 
s e n s i t i v i t y  t h a n  i s  seen  i n  u n i t s  e x c i t e d  by s ide -dow n 
t i l t s .  (The g a i n  d i f f e r e n c e s  a re  r e p o r t e d  to  be 
s i g n i f i c a n t l y  d i f f e r e n t ,  whereas t h e  s e n s i t i v i t y  
d i f f e r e n c e s  a r e  no t  compared s t a t i s t i c a l l y . )  I n t e r e s t i n g l y ,  
among t h e s e  r e s p o n s i v e  u n i t s  a h ig h e r  p r o p o r t i o n  o f  c e l l s  
e x c i t e d  by s i d e - u p  t i l t  were l o c a t e d  i n  more c au d a l  r e g i o n s  
o f  t h e  r e t i c u l a r  f o rm a t io n  than  i n  i n t e r m e d i a t e  or r o s t r a l  
r e g i o n s .  In  c o n t r a s t  c e l l s  showing i n c r e a s e d  o u t p u t  on 
s id e -d o w n  t i l t s  were p r e s e n t  in  g r e a t e s t  d e n s i t y  w i t h i n  
r o s t r a l  l e v e l s .  T h is  s u g g e s t s  t h a t  a so m a to to p ic  
r e p r e s e n t a t i o n  o f  t i l t  s e n s i t i v e  n e u ron es  may e x i s t  w i t h i n  
s p e c i f i c  r e t i c u l a r  r e g i o n s  (Manzoni e t  a l .  1 9 8 3 ) .  The above 
r e s p o n s e s  r e s u l t  from th e  adequa te  s t i m u l a t i o n  o f  o t o l i t h  
r e c e p t o r s  d u r i n g  slow s i n u s o i d a l  t i l t s .  With i n c r e a s i n g  
f r e q u e n c y  o f  t i l t s  two p o p u l a t i o n s  o f  r e t i c u l o s p i n a l  
n e u ro n e s  can be i d e n t i f i e d .  In one group a s  t h e  f r e q u e n c y  
o f  s t i m u l a t i o n  i n c r e a s e d  above t h e  t h r e s h o l d  f o r  c a n a l  
r e l a t e d  v e s t i b u l a r  n u c l e a r  r e s p o n s e s ,  no m o d i f i c a t i o n  of  
g a i n  or  phase  o c c u r r e d ,  w h i l e  in  t h e  o t h e r  p o p u l a t i o n  a 
f r e q u e n c y  r e sp o n se  in v o lv i n g  i n c r e a s e d  g a in  and phase  was 
o b s e r v e d .  In  t h e  f i r s t  p o p u la t io n  i t  would appea r  t h a t  
s e l e c t i v e  i n p u t s  from th e  u t r i c l e  a r e  in v o lv e d ,  w h i l e  i n  
t h e  second  p o p u l a t i o n  convergence  of  o t o l i t h  and c a n a l  
i n p u t s  a p p e a r s  to  o c c u r .  The r e s u l t s  c o n c e rn in g  t h e  make up 
o f  t h e s e  two s u b - p o p u l a t i o n  of r e t i c u l a r  u n i t s  do no t  
i n d i c a t e  w he ther  a d i f f e r e n c e  in  t h e  b e h a v io u r  of a lp h a  and
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b e t a  l i k e  u n i t s  was n o t i c e a b l e .
Assuming t h a t  t h i s  s tudy  r e f l e c t s  a genu ine  
r e p r e s e n t a t i o n  of  t h e  d i s t r i b u t i o n  and b e h a v io u r  o f  
r e t i c u l o s p i n a l  c e l l s  r e s p o n s iv e  to  l a b y r i n t h i n e  i n p u t s ,  i t  
i s  i n t e r e s t i n g  t o  n o te  t h a t  th e  p r o p o r t i o n s  o f  a l p h a -  t o  
b e t a - l i k e  u n i t s  i s  t h e  r e c i p r o c a l  to  t h a t  seen  w i t h i n  t h e  
v e s t i b u l a r  n e rv e  and v e s t i b u l a r  n u c l e i .  T h is  r e c i p r o c i t y  of  
t h e  r e l a t i o n s h i p  w i t h i n  th e  l a t e r a l  v e s t i b u l a r  n u c l e i  and 
t h e  r e t i c u l a r  fo rm a t io n  i s  t a k e n  by Manzoni e t  a l .  (1983) 
t o  r e f l e c t  an o t o l i t h  component from one s i d e  a f f e c t i n g  th e  
r e t i c u l a r  f o r m a t io n  of  th e  o p p o s i t e  s i d e .  A d i r e c t  
i p s i l a t e r a l  and c o n t r a l a t e r a l  i n f l u e n c e  from t h e  v e s t i b u l a r  
n u c l e i  t o  t h e  r e t i c u l a r  fo rm a t io n  has  been d e m o n s t r a t e d  to  
e x i s t  ( L a d p l i  & B ro d a i ,  1968; P e t e r s o n  & Adzug, 1 9 7 5 ) ,  
a l t h o u g h  r e l a y s  v i a  th e  c e r e b e l l a r  n u c l e i  may a l s o  t a k e  
p a r t .  (The p r e c i s e  d e t a i l s  of b o th  i p s i l a t e r a l  and c r o s s e d  
p a th w ay s  a r e  unknown.) D e s p i t e  a l a c k  of  knowledge o f  t h e s e  
p a th w ay s  a  t o p o g r a p h i c  r e p r e s e n t a t i o n  of  t i l t  s e n s i t i v e  
c e l l s  i s  e v i d e n t  w i t h i n  th e  r e t i c u l a r  f o r m a t io n .  I t  would 
a p p e a r  t h a t  o t o l i t h  s i g n a l s  r e l a t e d  t o  d i f f e r e n t  
p o l a r i z a t i o n  v e c t o r s  e x e r t  s e l e c t i v e  c o n t r o l  ove r  p o r t i o n s  
o f  t h e  m e d u l l a r y  r e t i c u l a r  f o r m a t io n .  The m a j o r i t y  o f  t h e s e  
p o s i t i o n  s e n s i t i v e  r e t i c u l o s p i n a l  t r a c t  c e l l s  a r e  l o c a t e d  
i n  r e g i o n s  c o n t r i b u t i n g  m ain ly  to  t h e  i n h i b i t o r y  l a t e r a l  
r e t i c u l o s p i n a l  t r a c t .  From t h e s e  o b s e r v a t i o n s  Manzoni e t  
a l .  (1983) c o n c lu d e  t h a t  d u r in g  t i l t  i n  one d i r e c t i o n  a 
f a c i l i t a t i o n  of  e x te n s o r  tone  r e s u l t s ,  on t h a t  s i d e ,  a s  a 
r e s u l t  o f  an i p s i l a t e r a l  e x c i t a t o r y  i n f l u e n c e  from 
v e s t i b u l o s p i n a l  sys tem s ,  and a l s o  from a d i s i n h i b i t i o n  from
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r e c t i c u l o s p i n a l  sy s te m s .  From a f u n c t i o n a l  v ie w p o in t  t h e  
m o d u l a t i o n  of  i n h i b i t o r y  r e t i c u l o s p i n a l  t r a c t  c e l l s  by head 
t i l t  m us t ,  a t  a s p i n a l  l e v e l ,  c o o p e r a t e  w i th  t h e  p roposed  
v e s t i b u l o s p i n a l  r e l a t i o n s  to  produce asym m etr ic  r e f l e x e s .
The outcome of  t h i s  c o o p e r a t i o n  f o l l o w in g  
h e m i la b y  r in th e c to m y  or s p i n a l  l e s i o n  r e q u i r e s  t h a t  t h e  
e f f i c a c y  o f  i p s i l a t e r a l  r e t i c u l o s p i n a l  r e l a t i o n s  i s  l e s s  
s t r o n g  t h a n  t h e  p roposed  i p s i l a t e r a l  b e t a  v e s t i b u l o s p i n a l  
r e l a t i o n s h i p .  T h is  would th en  a l low  r e f l e x  r e v e r s a l  on t h e  
i n t a c t  s i d e .
A l though  th e  p re sen c e  of th e  above pathways has  
been  d e m o n s t r a t e d ,  i t  remains an open q u e s t i o n  of  w he the r  
t h e y  a c t u a l l y  p a r t i c i p a t e  in  n a t u r a l l y  evoked l a b y r i n t h  
r e f l e x e s .  The r e s p o n s e s  of  bo th  r e t i c u l a r  and v e s t i b u l a r  
n e u r o n e s  p r o j e c t i n g  t o  t h e  cord  make i t  l i k e l y  t h a t  bo th  
s y s te m s  o p e r a t e  i n  t h e  p r o d u c t io n  o f  l a b y r i n t h i n e  r e f l e x e s .  
I n  d i s c u s s i o n  of  t h e s e  pathways i t  h a s  been g e n e r a l l y  
assumed t h a t  t h e  a c t i v i t y  of  c e l l s  w i t h i n  s p i n a l  p r o j e c t i n g  
r e g i o n s  o f  t h e  r e t i c u l a r  and v e s t i b u l a r  n u c l e i  r e f l e c t  t h e  
b e h a v i o u r  o f  th e  e x t e n s o r  m otorneurones  d e m o n s t r a te d  t o  
p a r t i c i p a t e  i n  l a b y r i n t h  r e f l e x e s .  Both v e s t i b u l o s p i n a l  and 
r e t i c u l o s p i n a l  t r a c t s  have been d e m o n s t r a te d  t o  i n f l u e n c e  
e i t h e r  d i r e c t l y  or i n d i r e c t l y  d i f f e r e n t  s p e c i e s  of  
m o to n e u ro n e .  S i m i l a r l y  th e  a c t i o n  of  l a b y r i n t h  r e f l e x e s ,  
a l t h o u g h  w e l l  c h a r a c t e r i s e d  f o r  f o r e l i m b  e x t e n s o r s ,  i s  
l i k e l y  t o  i n v o lv e  o t h e r  l imb musc le  g r o u p s .  C l e a r l y  more 
e x p e r i m e n t a t i o n  i s  r e q u i r e d  i n  o r d e r  to  r e s o l v e  t h e  
p a th w ays  i n v o lv e d  i n  o t o l i t h  r e f l e x e s ,  and a l s o  t o  
c h a r a c t e r i s e  th e  b eh av io u r  of  o t h e r  m usc le  g roups  t h a t  may
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be  i n v o l v e d .
The a c t i v i t y  o f  c e l l s  p r o j e c t i n g  t o  t h e  s p i n a l  co rd  
c an  be s t r o n g l y  i n f l u e n c e d  by th e  c e r e b e l lu m .  L a b y r i n th  
r e f l e x e s  a r e  a l s o  under i n f lu e n c e  from t h e  c e r e b e l lu m .  Like 
h e m i l a b y r i n t h e c t o m y  and s p i n a l  l e s i o n s ,  c e r e b e l l e c t o m y  
l e a d s  t o  p ro fo u n d  changes  in  t h e  p a t t e r n  o f  t o n i c  l a b y r i n t h  
r e f l e x e s .  Fo l low ing  c e r e b e l le c to m y  L indsay  and Rosenberg  
(1977) and D u t i a ,  L indsay  and Rosenberg (1981) d e m o n s t r a t e d  
t h a t  head  t i l t s  to  t h e  l e f t  or to  t h e  r i g h t  l e d  to  
s i m u l t a n e o u s  c o n t r a c t i o n s  in  t r i c e p s  of  b o th  f o r e l i m b s .
Each l im b  showing c o n t r a c t i o n  w i th  s i d e - u p  and s ide -dow n  
t i l t s .  The mechanism beh ind  t h i s  o b s e r v a t i o n  i s  n o t  w e l l  
u n d e r s t o o d ,  b u t  what i s  a p p a r e n t  i s  t h a t  t h e  c e r e b e l lu m  i s  
n e c e s s a r y  f o r  t h e  development of a p p r o p r i a t e  compensa to ry  
r e f l e x e s  (L indsay  and Rosenberg ,  1977; D u t i a  e t  a l . ,  1 9 8 1 ) .
Both p r im ary  and secondary  v e s t i b u l a r  p r o j e c t i o n s  
t o  t h e  c e r e b e l lu m  e x i s t ,  and t h e  v e s t i b u l a r  n u c l e i  have  
been  shown to  r e c e i v e  d i r e c t  c o n n e c t io n s  from bo th  t h e  
c e r e b e l l a r  c o r t e x  and n u c l e i .  T h is  d e m o n s t r a t e s  t h e  
i n t i m a t e  r e l a t i o n  between th e  v e s t i b u l a r  sys tem and t h e  
c e r e b e l l u m .  P r o j e c t i o n s  onto  c e l l s  i n  t h e  c e r e b e l l a r  c o r t e x  
and n u c l e i  s e r v e  as s i t e s  where i n t e g r a t i o n  between 
v e s t i b u l a r  and o t h e r  p r o p r i o c e p t i v e  i n p u t s  can o c c u r .  For 
ex am ple ,  i n t e r a c t i o n s  between l a b y r i n t h  and neck a f f e r e n t  
a c t i v i t y .  Both a c l im b ing  f i b r e  and a mossy f i b r e  
p r o j e c t i o n  from neck a f f é r e n t s  has been d e m o n s t r a te d  
(W ilson ,  Maeda & F ranck ,  1975a, b; W ilson ,  Maeda, F ranck  & 
Shimazu,  1 9 7 6 ) .  The f l o c u l u s  r e c e i v i n g  an a f f e r e n t  
p r o j e c t i o n  from r e c e p t o r s  l o c a t e d  i n  t h e  neck ( e l e c t r i c a l
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s t i m u l a t i o n  o f  t h e  C2 gan g l io n )  and r e l a y i n g  w i t h i n  Broda i  
and P o m p e ia n o ' s  group x.
N a t u r a l  s t i m u l a t i o n  of neck a f f e r e n t s  has  a l s o  been 
d e m o n s t r a t e d  t o  i n f l u e n c e  the  beh av io u r  of  P u r k i n j e  c e l l s  
o f  t h e  c e r e b e l l a r  ve rm is  (Denoth, M agh er in i ,  Pompeiano & 
S t a n o j e v i c ,  1979,  1 9 8 0 ) .  Recording from P u r k i n j e  c e l l s  
d u r i n g  s i n u s o i d a l  neck and whole body r o t a t i o n s  i t  was 
found  t h a t  t h e  m a j o r i t y  of  r e s p o n s iv e  c e l l s  showed an 
i n c r e a s e  i n  d i s c h a r g e  on side-down t i l t s  o f  t h e  neck ( th e  
p h a se  o f  t h e  re sp on se  s u g g e s t s  a p o s i t i o n  s e n s i t i v i t y  or 
d e p en d en ce )  . The e f f e c t s  of  neck r o t a t i o n  were o p p o s i t e  to  
t h o s e  se en  when whole body t i l t s  were employed. Side-down 
t i l t  o f  t h e  whole  animal  l e d  to  a d e c r e a s e  i n  t h e  d i s c h a r g e  
r a t e  o f  P u r k i n j e  c e l l s ,  s i d e - u p  t i l t  p ro d u c in g  e x c i t a t i o n .  
When l a b y r i n t h  and neck s t i m u l a t i o n  were s i m u l t a n e o u s ly  
evoked u n i t s  showing o t o l i t h  and neck convergence  d i s p l a y e d  
a r e s i d u a l  s i g n a l  t h a t  was r e l a t e d  t o  t h e  neck s i g n a l .  From 
t h i s  i t  would appear  t h a t  an incom ple te  i n t e r a c t i o n  of  
l a b y r i n t h  and neck a f f e r e n c e s  o ccu rs  w i t h i n  t h e  c e r e b e l lu m .
The neck a f f e r e n t  in p u t  to  t h e  c e r e b e l l a r  v e rm is  
seems u n l i k e l y  to  r e s u l t  from th e  pathway r e l a y i n g  v i a  
g ro u p  X as  d e s c r i b e d  by Wilson e t  a l .  (1976) ,  s i n c e  t h e  
e f f e c t  d e s c r i b e d  dy Denoth e t  a l .  (1980) .  can be m e d ia te d  
t h r o u g h  t h e  p r e c e r e b e l l a r  l a t e r a l  r e t i c u l a r  n u c le u s  whose 
n e u r o n e s  a r e  a l s o  e x c i t e d  d u r in g  s ide-down r o t a t i o n  o f  t h e  
neck (Kubin,  Manzoni & Pompeiano, 1981) .
AS d e s c r i b e d  e a r l i e r  R o b e r t s  (1973) and o t h e r s  
(L in d say  e t  a l .  1976; von H o ls t  & M i t t l e s t a e d t ,  1950) have
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p r o p o s e d  t h a t  i n t e r a c t i o n s  between a n t a g o n i s t i c  o t o l i t h  and 
neck  r e f l e x e s  a l lo w  an animal to  make v o l u n t a r y  head 
movements w i t h o u t  r e f l e x  c o n s t r a i n t .  The r e s u l t s  j u s t  
d e s c r i b e d  i l l u s t r a t e  only  one p o s s i b l e  s i t e  f o r  t h i s  
i n t e r a c t i o n .  The i n t e r a c t i o n  seen  by Denoth e t  a l .  (1979)  
a l t h o u g h  n o t  com ple te  can however be c o n s i d e r e d  a s  a 
component s t e p  i n  t h e  i n t e g r a t i o n  o f  b o th  l a b y r i n t h  and 
neck  r e f l e x e s .
I n  r e c e n t  y e a r s  s e v e r a l  s i t e s  of  i n t e g r a t i o n  o f  
l a b y r i n t h  and neck r e f l e x e s  have been s t u d i e d .  These 
i n c l u d e  t h e  v e s t i b u l a r  n u c l e i  and s p i n a l  i n t e r n e u r o n e s .  The 
v e s t i b u l a r  n u c l e i  have long  been r e c o g n i s e d  a s  an i m p o r t a n t  
s i t e  i n  t h e  i n t e g r a t i o n  of a sc e n d in g  s p i n a l  i n f l u e n c e s  
(W ilson ,  K ato ,  Thomas & P e t e r s o n ,  1966; t e n  B ru g g e n c a te ,  
Teichmann & W e l l e r ,  1 9 7 2 a , b , c ,  1975 a , b ) . In  a s tu d y  on t h e  
c o n v e rg e n c e  of  v e s t i b u l a r  and som a t ic  i n f l u e n c e s  o f  t h e  
v e s t i b u l a r  n u c l e i  F r e d r i c k s o n ,  Schwartz  & Kornhuber (1966) 
n o t e d  t h a t  of t h e  so m a t ic  i n f l u e n c e s  co n v e rg in g  on t h e  
v e s t i b u l a r  n u c l e i  t h e  m a j o r i t y  of r e s p o n s e s  were j o i n t  
m e d i a t e d .  The m agni tude  of r e s p o n se s  t o  changes  i n  elbow or 
knee j o i n t  p o s i t i o n  appear  e q u a l ly  s t r o n g  as  r e s p o n s e s  t o  
neck t o r s i o n .  E x te n s io n  of  th e  i p s i l a t e r a l  l imb e x c i t e d  t h e  
m a j o r i t y  o f  u n i t s  s t u d i e d ,  f l e x i o n  i n h i b i t e d  t h e s e  c e l l s .  
U n i t s  r e s p o n s i v e  to  neck t o r s i o n  g e n e r a l l y  showed i n c r e a s e d  
o u t p u t  on i p s i l a t e r a l  (side-down) t o r s i o n .  U n f o r t u n a t e l y  
c a t h o d a l  and anoda l  s t i m u l a t i o n  of  t h e  l a b y r i n t h s  was u sed  
and n o t  n a t u r a l  s t i m u l a t i o n  o f  t h e  l a b y r i n t h s .  The use  of  
n o n - s p e c i f i c  e l e c t r i c a l  s t i m u l a t i o n  p r e c l u d e s  a f u l l  
a s s e s s m e n t  of  th e  i n t e r a c t i o n s  between v e s t i b u l a r  and
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s o m a t i c  a f f e r e n t s  from a f u n c t i o n a l  v i e w p o in t .  The 
d e m o n s t r a t i o n  of  m odu la t ion  of  t h e  d i s c h a r g e  of  v e s t i b u l a r  
n u c l e i  c e l l s  by changes  i n  l imb p o s i t i o n  a l lo w s  t h e  
p o s s i b i l i t y  t h a t  l imb p o s i t i o n  i s  m o n i to r e d  by t h e  
v e s t i b u l a r  sys tem ,  a c t i n g  e i t h e r  t o  c o n d i t i o n  v e s t i b u l a r  
r e f l e x e s  or  to  a c t  as  a feedback  from t h e  l im b s  d u r in g  
e x c e c u t i o n  o f  v e s t i b u l a r  r e f l e x e s .  In  a l a t e r  s tu d y  Rubin, 
L i e d g r e n ,  M ilne ,  Young & F r e d r i c k s o n  (1977) re - e x a m in e d  t h e  
i n f l u e n c e  o f  j o i n t  p o s i t i o n  on v e s t i b u l a r  n u c l e a r  c e l l s .  
I n t e r e s t i n g l y  of  t h e  u n i t s  Rubin e t  a l .  (1977) d e s c r i b e d  as  
s e n s i t i v e  to  l imb p o s i t i o n  th e  m a j o r i t y  were l o c a t e d  i n  t h e  
l a t e r a l  v e s t i b u l a r  n u c l e i .  I t  would t h e r e f o r e  ap pea r  t h a t  
i n p u t  from th e  j o i n t s  (both  l imb and neck) p l a y  a r o l e  i n  
s u p p l y i n g  p o s t u r a l  i n f o r m a t io n  t o  t h e  v e s t i b u l a r  n u c l e i  and 
i n  p a r t i c u l a r  to  r e g io n s  i n v o lv e d  i n  t o n i c  r e f l e x e s .  
( E v id e n c e  e x i s t s  t h a t  l a  muscle  a f f e r e n t s  do n o t  c o n t r i b u t e  
i n  p o s i t i o n  s i g n a l l i n g  t o  t h e  v e s t i b u l a r  n u c l e i ,  Pompeiano 
and B a r n e s ,  (1 9 7 1 ) ) .
In  a s tu dy  p r i n c i p a l l y  c o n c e rn e d  w i th  t h e  e f f e c t s  
o f  n a t u r a l  neck s t i m u l a t i o n  on v e s t i b u l o s p i n a l  c e l l s  Kasper 
and Thoden (1981) r e p o r t e d  t h a t  of  an i d e n t i f i e d  151 s p i n a l  
p r o j e c t i n g  v e s t i b u l a r  c e l l s  o n ly  16 (10.6%) showed 
m o d u l a t i o n  w i th  neck s t i m u l a t i o n .  F u r th e rm o re  on ly  3 were 
i n f l u n e n c e d  by b o th  v e s t i b u l a r  and neck i n p u t s .  A p o s s i b l e  
e x p l a n a t i o n  of  t h e  small  number of  r e s p o n s i v e  c e l l s  
o b s e r v e d  may have been due to  t h e  method of  neck 
s t i m u l a t i o n .  L a t e r a l  bending  of  t h e  c e r v i c a l  column was 
u se d  a s  a neck s t i m u l u s .  As neck r e f l e x e s  t a k e  o r i g i n  
m a in ly  from r e c e p t o r s  from th e  upper t h r e e  c e r v i c a l
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v e r t e b r a  i t  would seem t h a t  such a s t i m u l u s  i s  
i n - a p p r o p r i a t e  i n  l i g h t  o f  t h e  a n a t o m i c a l  a r r a n g e m e n t  of  
t h e  a t l a s  and a x i s .  The a t l a s  and a x i s  a r e  s p e c i f i c a l l y  
m o d i f i e d  t o  a l lo w  r o t a t i o n s  o f  t h e  head  upon t h e  neck and 
t h e r e f o r e  r o t a t i o n a l  s t i m u l i  would a p p e a r  to  be a more 
n a t u r a l  form of s t i m u l a t i o n  of  r e c e p t o r s  l o c a t e d  a round  
t h e s e  v e r t e b r a .
In  a s tu d y  i n v e s t i g a t i n g  r o t a t i o n a l  neck i n f l u e n c e s  
on v e s t i b u l o s p i n a l  n e u ro n e s  Boyle  and Pompeiano (1980) 
r e p o r t e d  t h a t  of a p o p u l a t i o n  o f  i d e n t i f i e d  v e s t i b u l o s p i n a l  
n e u ro n e s  a lm o s t  66% showed a r e s p o n s e  t o  neck r o t a t i o n .  The 
p h a se  of  t h e  r e s p o n s e  to  neck r o t a t i o n  was o b s e r v e d  t o  be 
r e l a t e d  w i t h  neck p o s i t i o n ,  w i th  a lm o s t  e q u a l  
r e p r e s e n t a t i o n  o f  c e l l s  showing i n c r e a s e d  or  d e c r e a s e d  
n e u r o n a l  a c t i v i t y  on s id e -d ow n  r o t a t i o n s .  Such a 
r e p r e s e n t a t i o n  o f  neck i n p u t  to  t h e  l a t e r a l  v e s t i b u l a r  
n u c l e i  s u g g e s t s  t h a t  t h e  v e s t i b u l a r  sy s tem  may p a r t i c i p a t e  
i n  neck r e f l e x e s .  A scheme s u g g e s t i v e  o f  a pathway 
i n v o l v i n g  t h e  c e r e b e l lu m  has  been p r o p o s e d  by Boyle  and 
Pompeiano (1980) .  The a u t h o r s  s u g g e s t  t h a t  i n h i b i t i o n  from 
P u r k i n j e  c e l l s  of  t h e  c e r e b e l l a r  v e rm is  (which a l s o  show 
i n c r e a s e d  d i s c h a r g e  on s ide -dow n  neck r o t a t i o n s  Denoth e t  
a l .  (1980))  a c t  on v e s t i b u l o s p i n a l  n e u ro n e s  which i n  t u r n  
i n f l u e n c e  t h e  b e h a v io u r  o f  m o to n e u ro n es .  A l though  
t h e o r e t i c a l l y  p o s s i b l e ,  t h i s  scheme i s  n o t  t h e  on ly  way 
neck a f f e r e n t s  can i n f l u e n c e  t h e s e  v e s t i b u l o s p i n a l  
n e u r o n e s .  Neck r e s p o n s e s  have  a l s o  been  r e c o r d e d  i n  
r e t i c u l a r  r e g i o n s  (Kubin e t  a l . ,  1981) known from 
a n a t o m i c a l  s t u d i e s  t o  p r o j e c t  d i r e c t l y  t o  t h e  l a t e r a l
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v e s t i b u l a r  n u c l e i  as  w e l l  as to  t h e  c e r e b e l lu m .  In  a d d i t i o n  
neck  r e f l e x e s  a r e  u n a l t e r e d  f o l lo w in g  s p i n a l i z a t i o n  
(Magnus, 1926) , t h e r e b y  d e m o n s t r a t in g  t h a t  a s p i n a l  pathway 
can  o p e r a t e  w i th o u t  th e  need f o r  h i g h e r  c e n t r e s  b e in g  
i n v o l v e d .  The neck r e f l e x  pathway would appea r  to  be v e ry  
p o o r l y  u n d e r s t o o d ,  a p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  i s  
p e r h a p s  t h e  u n c e r t a i n t y  over what r e c e p t o r s ,  and hence  
a f f e r e n t s  c o n t r i b u t e  to  th e  r e f l e x .
In  a companion s tudy  Boyle and Pompeiano (1981) 
l o o k e d  a t  t h e  i n t e r a c t i o n s  between neck and m acu la r  i n p u t s  
o n t o  v e s t i b u l o s p i n a l  n eu rones .  Out o f  t h e  t o t a l  p o p u l a t i o n  
o f  c e l l s  examined 48.7% (75/154) r esponded  to  b o th  m acu la r  
and neck  i n p u t s .  I n t e r e s t i n g l y  a h i g h e r  p r o p o r t i o n  o f  c e l l s  
w ere  found  i n  r o s t r o v e n t r a l  r e g io n s  of  D e i t e r s  n u c l e u s ,  an 
a r e a  known t o  p r o j e c t  to  c e r v i c a l  segments  o f  t h e  s p i n a l  
c o r d .  Most of  t h e  u n i t s  r e c e i v i n g  con v erg en ce  from b o th  
t y p e s  o f  r e c e p t o r s  showed r e c i p r o c a l  r e s p o n s e s  t o  t h e  two 
i n p u t s ,  t h e  p redom inan t  p a t t e r n  of  r e s p o n s e s  was e x c i t a t i o n  
d u r i n g  s i d e —up t i l t  of th e  neck and i n h i b i t i o n  f o l l o w i n g  
s i d e - u p  t i l t  of  t h e  whole body. A p r o p o r t i o n  of  u n i t s  
showed a s y n e r g i s t i c  p a r a l l e l  convergence  of  i n p u t s ,  t h e s e  
c e l l s  were  e x c i t e d  d u r in g  bo th  s i d e - u p  neck and body t i l t s .  
Of t h e  u n i t s  d i s p l a y i n g  convergence  t h e i r  o u tp u t  
c o r r e s p o n d e d  to  t h e  v e c t o r i a l  summation o f  t h e  i n d i v i d u a l  
r e s p o n s e s .  T h is  t h e n  r e q u i r e s  t h a t  f o r  a c e l l  t o  d i s p l a y  no 
a l t e r a t i o n  i n  a c t i v i t y  d u r in g  j o i n t  l a b y r i n t h  and neck 
s t i m u l a t i o n  t h e  two i n p u t s  must oppose  each o t h e r  e x a c t l y .  
The r e s u l t s  of Boyle  and Pompeiano (1981) s u g g e s t  t h a t  
w i t h i n  t h e  r o s t r o v e n t r a l  p o r t i o n  of  D e i t e r s  n u c le u s  t h e
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l a b y r i n t h  has  r e l a t i v e l y  g r e a t e r  i n f l u e n c e  on c e l l s  showing 
c o n v e r g e n c e  w h i l e  in  d o rso c au d a l  r e g i o n s  t h e  neck i n f l u e n c e  
i s  t h e  s t r o n g e s t .  The behav iour  of t h e s e  c e l l s  d u r in g  
c o m b i n a t i o n s  o f  v e s t i b u l a r  and neck i n p u t s  d e m o n s t r a t e s  
t h a t  t h e  neck can modify th e  a c t i v i t y  of  c e l l s  i n  t h e  
v e s t i b u l a r  n u c l e i  t h a t  p r o j e c t  to  c e r v i c a l  and lu m b o s a c r a l  
r e g i o n s  o f  t h e  c o rd .  On th e  i n f o r m a t io n  a v a i l a b l e  i t  would 
t h e r e f o r e  appea r  t h a t  a s t r o n g e r  l a b y r i n t h  i n p u t  i s  r e l a y e d  
t o  t h e  f o r e l i m b s  and a s t r o n g e r  neck i n p u t  t o  t h e  
h i n d l i m b s .  From a f u n c t i o n a l  c o n s i d e r a t i o n  o f  t h e  
i n t e r a c t i o n s  between l a b y r i n t h  and neck r e f l e x e s  i t  i s  
a p p a r e n t  t h a t  f o r  a n e t  z e ro  a l t e r a t i o n  i n  r e f l e x  o u t p u t  to  
t h e  l im b s  a f u r t h e r  i n t e g r a t i o n  of  neck and l a b y r i n t h  
a f f e r e n c e s  has  to  o c c u r .  The p o s s i b i l i t y  o f  i n t e r a c t i o n s  a t  
an i n t e r n e u r o n a l  l e v e l  has been s t u d i e d  by W ilson ,  Ezure  & 
T im e r ic k  (1 9 84 ) .
The dynamics o f  bo th  o t o l i t h  (Schor & M i l l e r  1981) 
and neck r e f l e x e s  (Ezure & W ilson ,  1983) in  f o r e l i m b  
e x t e n s o r s  a r e  c o n s i s t e n t  w i th  obse rved  i n t e r a c t i o n s  between 
t h e s e  r e f l e x e s  on r o t a t i o n  of  th e  head (R o b e r t s ,  1973,
1978;  L in d s a y  e t  a l . ,  19 7 6 ) .  In a s tu dy  i n v e s t i g a t i n g  t h i s  
i n t e r a c t i o n  Wilson e t  a l .  (1984) d e s c r i b e d  t h e  dynamics o f  
s p i n a l  i n t e r n e u r o n e s  showing r e s p o n s e s  to  n a t u r a l  neck 
a f f e r e n t  s t i m u l a t i o n ,  and a l s o  i t s  i n t e r a c t i o n  w i th  an 
o t o l i t h  s i g n a l  was a l s o  s t u d i e d .  I n t e r n e u r o n e s  l o c a t e d  
w i t h i n  lam ina  7 and 8 were rec o rd ed  from d u r in g  s i n u s o i d a l  
neck s t i m u l a t i o n .  The re s p o n s e s  of  115 neu rones  m odu la ted  
by neck r o t a t i o n  were a n a ly s e d .  S ix ty  two of  t h e s e  ne u ro n e s  
were  r e c o r d e d  from l a b y r i n t h l e s s  c a t s ,  t h e  rem a in ing  53
page 68
w ere  r e c o r d e d  from c a t s  wi th  i n t a c t  l a b y r i n t h s .  Out o f  t h i s  
p o p u l a t i o n  o f  c e l l s ,  56 were e x c i t e d  by s i d e - u p  r o t a t i o n  
( t e rm e d  ty p e  I r e spo nse )  and 59 were e x c i t e d  by s ide -dow n  
r o t a t i o n  ( te rm ed  ty pe  I I  response)  . The b e h a v io u r  o f  c e l l s  
from c a t s  w i t h o u t  l a b y r i n t h s  was s i m i l a r  to  t h a t  seen  i n  
c a t s  w i t h  l a b y r i n t h s .  The dynamic b e h av io u r  of  ty p e  I  and 
t y p e  I I  c e l l s  was t h e  same. At low f r e q u e n c i e s  o f  t i l t  t h e  
r e s p o n s e  f o l lo w e d  neck p o s i t i o n .  The r e sp o n se  of ty p e  I 
c e l l s  i s  i n  phase  w i th  the  a c t i v i t y  o f  i p s i l a t e r a l  t r i c e p s  
d u r i n g  n a t u r a l l y  evoked neck r e f l e x e s ,  w h i l e  t h a t  o f  ty p e  
I I  c e l l s  i s  180 d e g r e e s  out  of phase  w i th  i p s i l a t e r a l  
e x t e n s o r  a c t i v i t y .
In  c a t s  w i th  i n t a c t  l a b y r i n t h s  a s u b p o p u l a t i o n  of  
n e u r o n e s  were t e s t e d  f o r  n e c k - v e s t i b u l a r  co n v e rg en c e .  From 
a t o t a l  p o p u l a t i o n  of  40 t e s t e d  n e u ro n e s ,  21 c e l l s  were 
c l a s s i f i e d  as  r e c e i v i n g  an o t o l i t h  i n p u t  ( r e s p o n d in g  w i t h  a 
p h a se  c l o s e l y  r e l a t e d  to  head p o s i t i o n  a t  low f r e q u e n c i e s  
o f  t i l t  < 0 .5 H z ) .  W ith in  t h i s  group of  21 c e l l s ,  8 
d i s p l a y e d  a lp h a  r e s p o n s e s  ( i n c r e a s i n g  d i s c h a r g e  w i th  
s id e - d o w n  t i l t ) ,  w h i l e  th e  13 rem ain ing  c e l l s  showed b e t a  
l i k e  r e s p o n s e s  ( i n c r e a s e d  d i s c h a r g e  w i th  s i d e - u p  t i l t s ) . 
I m p o r t a n t l y ,  of  t h e  8 a l p h a - l i k e  and 21 b e t a - l i k e  c e l l s ,  
t h e  neck r e s p o n se  of each c e l l  was seen  t o  be a n t a g o n i s t i c .  
I n  o t h e r  words type  I neck i n t e r n e u r o n e s  r e c e i v e  a l p h a —l i k e  
o t o l i t h  convergence  and type  I I  neck i n t e r n e u r o n e s  r e c e i v e  
a b e t a  p a t t e r n  o f  o t o l i t h  convergence .  T h is  p a t t e r n  of  
c o n v e r g e n c e  seems t h e r e f o r e  to  r e f l e c t  t h e  p a t t e r n  o f  
i n t e r a c t i o n s  w i t h i n  f o r e l im b  m usc les  on s im u l t a n e o u s  
o t o l i t h  and neck s t i m u l a t i o n .  I t  i s  t e m p t in g  t o  con c lud e
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t h a t  t h e s e  i n t e r n e u r o n e s  a r e  p a r t  o f  a common l i n k  t o  
m o to neu ron es  w i t h i n  b o th  neck and o t o l i t h  r e f l e x e s .  In  t h i s  
r e s p e c t  i t  would t h e r e f o r e  be s i g n i f i c a n t  t h a t  t h e r e  
a p p e a r s  t o  be a g r e a t e r  number of  c e l l s  showing b e t a  t o  
ty p e  I I  c o n v e rg e n c e  t h a n  a lp h a  to  t y p e  I c o n v e r g e n c e .  
A l th ou g h  t h e  m a j o r i t y  o f  t h e  c e l l s  r e c o r d e d  from a r e  
l o c a t e d  i n  a r e a s  known t o  c o n t a i n  se g m e n ta l  or 
p r o p r i o s p i n a l  n e u ro n e s  t h a t  p r o j e c t  t o  f o r e l i m b  
m o to n e u ro n e s ,  t h e r e  i s  no d i r e c t  e v id e n c e  t h a t  t h e  c e l l s  
s een  by W ilson  e t  a l .  (1984) r e l a y  i n f o r m a t i o n  t o  
m o to n e r o n e s .  I t  i s  a l s o  p o s s i b l e  t h a t  t h e s e  c e l l s  may be 
s p i n o r e t i c u l a r  n e u ro n e s  p r o j e c t i n g  t o  t h e  l a t e r a l  r e t i c u l a r  
n u c l e u s ,  an a r e a  known t o  show r e s p o n s e s  t o  b o th  l a b y r i n t h  
and neck i n p u t s  (Kubin e t  a l . ,  1 9 8 1 ) .  As l i t t l e  i s  known 
a b o u t  t h e  p r o j e c t i o n s  or i n p u t s  o f  t h e s e  i n t e r n e u r o n e s  one 
c a n n o t  d i s t i n g u i s h  between t h e  above p o s s i b i l i t i e s .
The r e s u l t s  from W ilson  e t  a l .  (1984) h i g h l i g h t  one 
o f  t h e  major  p ro b lem s  c o n c e rn in g  t h e  a s s ig n m e n t  of  a 
f u n c t i o n a l  r o l e  to  g rou p s  of  c e l l s  showing r e s p o n s e s  to  
e i t h e r  or b o th  l a b y r i n t h  and neck p r o p r i o c e p t i v e  i n p u t .  Due 
t o  an i n c o m p le t e  u n d e r s t a n d i n g  o f  m u sc le  g roups  
p a r t i c i p a t i n g  i n  b o th  l a b y r i n t h  and neck r e f l e x e s  s i n g l e  
u n i t  s t u d i e s  have d i s c u s s e d  t h e i r  r e s u l t s  w i th  r e f e r e n c e  to  
t h e  w e l l  documented p a t t e r n  of  r e f l e x  a c t i v i t y  d e m o n s t r a t e d  
t o  o c c u r  i n  t r i c e p s .  As m en t io ned  e a r l i e r ,  however ,  s e v e r a l  
a u t h o r s  u s in g  n a t u r a l  s t i m u l a t i o n  t e c h n i q u e s  have d e s c r i b e d  
r e s p o n s e s  i n  f l e x o r  m u s c u la tu r e  ( B e r i t o f f ,  1914; T a i t  & 
McNally 1925a ;  Rademaker,  1 9 3 5 ) .  A l th o ug h  t h e  e v id e n c e  
s u r r o u n d i n g  t h e  in v o lv em en t  o f  l im b f l e x o r s  i n  l a b y r i n t h
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and neck  r e f l e x e s  i s  c o n t r a d i c t o r y ,  i t  i s  e v i d e n t  t h a t  a 
d e s c e n d i n g  i n p u t  to  muscle  groups o t h e r  th a n  t h e  e x t e n s o r s  
c a n n o t  be r u l e d  o u t .  Experiments  u t i l i z i n g  e l e c t r i c a l  
s t i m u l a t i o n  o f  t h e  v e s t i b u l a r  ne rve  (Maeda e t  a l . ,  1975; 
Maeda, M agh er in i  & P r e c h t ,  1977) or  i n d i v i d u a l  am p u l la ry  
n e r v e s  (Suzuki  & Cohen, 1964) have shown t h a t  pa thways to  
f l e x o r  m otoneurones  e x i s t .  In consequence ,  t h e  l a c k  of  
u n d e r s t a n d i n g  c o n ce rn in g  th e  r e f l e x  o u tp u t  a t  t h e  
m o to n e u r o n a l  l e v e l ,  and of  th e  r e l a t i o n s h i p  between 
d i f f e r e n t  m usc le  groups make i t  d i f f i c u l t  to  index  t h e  
r e s p o n s e  p a t t e r n s  of c e l l s  w i t h i n  p roposed  pa thways t o  a 
f u n c t i o n a l  r o l e .  S i m i l a r l y ,  sho r tcom ings  w i t h i n  our 
u n d e r s t a n d i n g  of  th e  muscle  f i e l d s  c o n t r o l l e d  by c e l l s  
p r o j e c t i n g  from th e  v e s t i b u l a r  n u c l e i ,  r e t i c u l a r  f o r m a t io n  
and o f  p ro p o se d  p r o p r i o s p i n a l  i n t e r n e u r o n e s  make i t  
d i f f i c u l t  t o  i d e n t i f y  th e  complete  r e f l e x  pa thw ays .  One of 
t h e  a im s o f  t h i s  t h e s i s  i s  to  d e te rm in e  what r e l a t i o n s h i p s  
e x i s t  be tw een  v a r i o u s  f o r e l im b  muscle  groups d u r in g  
n a t u r a l l y  evoked l a b y r i n t h  and neck r e f l e x e s .
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.chapter  2 t. Methods
2 . 1 ^  0 .  I n t r o d u c t i o p ,
The fo rm a t  f o r  t h i s  s e c t i o n  o f  t h e  t h e s i s  i s  as 
f o l l o w s .  There  a r e  t h r e e  main h e ad in g s  which a re  f u r t h e r  
s u b d i v i d e d  i n t o  s m a l l e r  i n d i v i d u a l  components .  The main 
t i t l e  h e a d in g s  cover  th e  f o l lo w in g  (1) Animal p r e p a r a t i o n ,  
(2) s t i m u l a t i o n  t e c h n i q u e s ,  and (3) d a t a  h a n d l in g  and 
r e c o r d i n g  t e c h n i q u e s .  As e x p er im en ts  have been pe r fo rm ed  on 
c a t s  w i t h  i n t a c t  l a b y r i n t h s ,  a c u te  and c h r o n i c  
h e m i l a b y r i n t h e c t o m i z e d  c a t s ,  and c a t s  w i th  b i l a t e r a l  
l a b y r i n t h e c t o m y  t h e  animal p r e p a r a t i o n  s e c t i o n  w i l l  d e a l  
w i t h  each  s u r g i c a l  p ro ce d u re  s e p a r a t e l y .  The p r o t o c o l  f o r  
e ach  ty p e  of  p r e p a r a t i o n  be ing  a s e l e c t i o n  of  t h e  
i n d i v i d u a l  p r o c e d u r e s  and w i l l  be summarised a t  t h e  end of  
t h e  s e c t i o n .
ANIMAL PREPARATION
2 . 1 . 1  A n a e s t h e s i a .
A l l  th e  exp er im e n ts  to  be d e s c r i b e d  were c a r r i e d  
o u t  on a d u l t  c a t s  w e igh ing  from 1.8Kg to  3.0Kg. A l l  an im a ls  
were  d e e p ly  a n a e s t h e t i z e d  p r i o r  t o ,  and d u r in g  any s u r g i c a l  
p r o c e d u r e .  A n a e s t h e t i c  was induced  by a l lo w in g  t h e  an im al  
t o  b r e a t h  a gas m ix tu re  of N%0(80%) and Oj. (20%) p l u s  
H a l o th a n e .  The c a t s  were judged to  be a n a e s t h e t i z e d  on t h e  
d i s a p p e a r e n c e  of w i th d raw a l  r e f l e x e s  i n  t h e  l im bs  and of
page 72
c o r n e a l  r e f l e x e s  on to uch in g  th e  eye.
2 . 1 . 2  D e c e r e b r a t i o p ,
In  p r e p a r i n g  t h e  animal  fo r  d e c e r e b r a t i o n  a 
t r a c h e o s t o m y  was perform ed and t h e  common c a r o t i d  a r t e r i e s  
e i t h e r  p e rm a n e n t ly  or t e m p o r a r i l y  l i g a t e d .  The t r a c h e o s to m y  
was p e r f o r m e d  i n  o r d e r  to  f a c i l i t a t e  th e  removal o f  any 
mucus b u i l d  up d u r in g  th e  course  of an e x p e r im e n t ,  w h i l e  
t h e  c a r o t i d  l i g a t i o n  r e s u l t e d  in  a reduced  b lood l o s s  
d u r i n g  t h e  a c t u a l  p r o c e s s  of  d e c e r e b r a t i o n .  F o l lo w in g  
t r a c h e o s t o m y ,  t h e  c a t ' s  body was su p p o r te d  i n  a p rone  
p o s i t i o n  w i th  th e  head s e c u r e l y  he ld  by f i x a t i o n  i n  a 
R o b e r t s '  head  h o ld e r  (R o b e r ts ,  1 951) .  The t e c h n iq u e  
employed i n  d e c e r e b r a t i o n  was e s s e n t i a l l y  th e  c l a s s i c a l  
method d e s c r i b e d  by S h e r r in g to n  (1898) . With t h e  c a t  i n  t h e  
above  p o s i t i o n  th e  s k in  on t h e  back o f  t h e  head i s  shaved  
and c l e a r e d  of  lo o se  h a i r s .  A m id l in e  i n c i s i o n  i s  made 
a l o n g  t h e  to p  of t h e  head and th e  s k in  i s  r e t r a c t e d  to  
e xp o se  t h e  r i g h t  tem pora l  muscle .  T h is  muscle  i s  t h e n  
s e p a r a t e d  from th e  u n d e r ly in g  bone and removed. A h o l e  i s  
t r e p h i n e d  i n  t h e  p a r i e t a l  bone of t h e  r i g h t  s i d e  and 
r a d i a l l y  e n l a r g e d  u s in g  bone f o r c e p s  to  a d ia m e te r  of  abou t  
2cm. The edges  of  t h i s  h o le  a r e  s e a l e d  f i r s t l y  w i th  bone 
wax, and t h e n  smeared w i th  a small  q u a n t i t y  of  v a s e l i n e .
T h is  n o t  o n ly  s t o p s  o c c a s i o n a l l y  t roub lesom e  b l e e d i n g  from 
t h e  d i p l o i c  v e in s  bu t  a l s o  r educes  t h e  r i s k  of  a i r  embolism 
d e v e l o p in g  d u r in g  th e  c o u rse  of th e  ex p e r im e n t .  With t h e  
d u ra  c o v e r i n g  th e  c o r t e x  now v i s u a l i z e d ,  t h e  v e r t e b r a l
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a r t e r i e s  a r e  o c c lu d e d  by e x e r t i n g  p r e s s u r e  beh ind  t h e  
t r a n s v e r s e  p r o c e s s  of  the  a t l a s ,  s u c c e s s f u l  o c c l u s i o n  
r e s u l t s  i n  a s i n k i n g  of  th e  dura .  The dura  was th e n  opened 
and u s i n g  a b l u n t  s p a t u l a  the  o c c i p i t a l  lobe  of t h e  c o r t e x  
i s  e i t h e r  r e f l e c t e d  or removed so t h a t  th e  c o l l i c u l i  can be 
s e e n .  The s p a t u l a  i s  then  used to  make a t r a n s v e r s e  s e c t i o n  
a c r o s s  t h e  n e u r a x i s .  The cu t  i s  a n g le d  to  s lo p e  f o rw a rd ,a n d  
i s  made e i t h e r  between th e  i n f e r i o r  and s u p e r i o r  c o l l i c u l i  
( i n t e r  c o l l  i c u l a r  ) o r  j u s t  a n t e r i o r  to  th e  s u p e r i o r  
c o l l i c u l i  ( p r e c o l l i c u l a r ) . The c u t  i s  c a r r i e d  t h ro u g h  to  
t h e  b a se  o f  t h e  s k u l l  and a l l  b r a i n  t i s s u e  above th e  
s e c t i o n  i s  removed from the  s k u l l  c a v i t y .  Any r e s u l t i n g  
b l e e d i n g  was c o n t r o l l e d  by e x e r t i n g  p r e s s u r e  on a pad of  
c o t t o n  wool p l a c e d  over the  base of  t h e  s k u l l .  The 
c o m p r e s s io n  o f  t h e  v e r t e b r a l  a r t e r i e s  was d i s c o n t i n u e d  and 
t h e  a n a e s t h e t i c  t e m p o r a r i l y  sw i tched  o f f .  On r e l e a s i n g  t h e  
v e r t e b r a l  a r t e r i e s  th e  blood supply  to  t h e  b r a i n  stem i s  
r e - e s t a b l i s h e d  a f t e r  having  been i n t e r f e r e d  w i th  f o r  only  
t h e  one or  two m inu tes  taken  fo r  th e  d e c e r e b r a t i o n  t o  be 
c o m p l e t e d .  In  some i n s t a n c e s  r e s p i r a t i o n  c e a sed  im m edia te ly  
a f t e r  d e c e r e b r a t i o n  bu t  spontaneous  b r e a t h i n g  a lways 
resum ed f o l l o w i n g  a s h o r t  p e r io d  of  a r t i f i c i a l  r e s p i r a t i o n .  
Once s u f f i c i e n t  t im e  had e la p s e d  to  a l low  c l o t t i n g  t o  occur  
a t  t h e  f l o o r  o f  th e  s k u l l ,  t h e  c a v i t y  was l o o s e l y  packed 
w i th  c o t t o n  wool.  The c a t  was th en  l e f t  f o r  s e v e r a l  
m i n u t e s ,  d u r i n g  which t ime r i g i d i t y  was e s t a b l i s h e d  i n  t h e
l i m b s .
2 . 1 . 3  nener"=»inn of at1 a n t o - o c c i p i f a n d  a t lantp -ax ia l
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jp Ints .
In  o r d e r  to  a c h ie v e ,  in  one p r e p a r a t i o n ,  
i n d e p e n d e n t l y  evoked l a b y r i n t h  and neck r e f l e x e s ,  u s in g  
a d e q u a t e  s t i m u l a t i o n ,  i t  i s  n e c e s s a r y  to  make t h e  p r o v i s i o n  
whereby  head  r o t a t i o n  does not  produce  a c t i v a t i o n  of  
r e c e p t o r s  in v o lv e d  i n  neck r e f l e x e s .  T h is  s e c t i o n  d e t a i l s  
t h e  s u r g i c a l  s t e p s  t h a t  a l low t h i s ,  t h e  methods o f  
s t i m u l a t i o n  w i l l  be d e s c r ib e d  i n  a l a t t e r  s e c t i o n .
I s o l a t i o n  o f  l a b y r i n t h  and neck r e f l e x e s  i s  a c h i e v e d  i n  
t h e s e  e x p e r i m e n t s  by th e  d e n e r v a t io n  of  t h e  
a t l a n t o - o c c i p i t a l  (Cl) and a t l a n t o - a x i a l  (02) j o i n t s .  In 
o r d e r  t o  a c h i e v e  good ex p er im e n ta l  r e s u l t s  t h i s  p ro c e d u re  
must  be c a r e f u l l y  and e x t e n s i v e l y  c a r r i e d  o u t .  To g a i n  
a c c e s s  t o  t h e  f i r s t  and second c e r v i c a l  n e rv e s  b o th  g r o s s  
and f i n e  d i s s e c t i o n  i s  r e q u i r e d .  P r i o r  to  t h e  o n s e t  o f  
s u r g e r y  t h e  a d m i n i s t r a t i o n  of  a n a e s t h e s i a  i s  resumed. 
A l th o u g h  t h e  a n im a ls  a r e  d e c e r e b r a t e  t h e  a n a e s t h e t i c  
removes any tendency  fo r  movement to  occur  d u r in g  t h e  
d i s s e c t i o n .  The s k i n  i n c i s i o n  made p r i o r  to  d e c e r e b r a t i o n  
i s  e x t e n d e d  c a u d a l l y  above th e  neck,  a l l o w in g  t h e  
s u p e r f i c i a l  neck m usc les  to  be v i s u a l i z e d .  The t r a p e z i u s  
m u s c le s  o r i g i n a t i n g  from medial  h a lv e s  o f  t h e  l am b o id a l  
c r e s t  and from t h e  m id l in e  to  th e  cau da l  end of  t h e  s p i n a l  
p r o c e s s  o f  t h e  a x i s  a r e  cu t  f r e e  from t h e i r  i n s e r t i o n s  on to  
t h e  l a m b o id a l  c r e s t  and s p l i t  m e d i a l l y .  Once s p l i t  t h e  
m u sc le s  can be r e t r a c t e d  so as to  g a in  a c c e s s  to  th e  deeper  
m u sc le s  o f  th e  neck .  D i r e c t l y  benea th  th e  t r a p e z i u s  group 
o f  m u sc le s  l i e s  s p l e n i u s ,  t h i s  muscle  which when a c t i v a t e d
page 75
b i l a t e r a l l y  e l e v a t e s  th e  head i s  t r e a t e d  i n  a s i m i l a r  
f a s h i o n  t o  t r a p e z i u s .  Lying on each s i d e  of  th e  neck t h e  
l e f t  and r i g h t  p o r t i o n s  a re  c a r e f u l l y  s e p a r a t e d  from t h e i r  
o r i g i n s  on t h e  lam bo ida l  r id g e  and a r e  d i v id e d  m e d i a l l y .  
A n o th e r  m usc le  which must be cu t  b i l a t e r a l l y  from i t s  
i n s e r t i o n s  on t h e  lam boidal  c r e s t  i s  t h e  e l e v a t o r ,  b i v e n t o r  
c e r v i c i s .  T h i s  m usc le  makes i t s  o r i g i n s  a long  t h e  sp in o u s  
p r o c e s s e s  o f  c e r v i c a l  and t h o r a c i c  v e r t e b r a  and f o r  th e  
p u r p o s e s  o f  t h i s  d i s s e c t i o n  i t  i s  s e p a r a t e d  b i l a t e r a l l y  to  
t h e  l e v e l  o f  th e  t h i r d  c e r v i c a l  v e r t e b r a .  On r e t r a c t i o n  of  
t h e  above  m u sc le s  t h e  m o d if ied  i n t e r s p i n a l e s  m usc le s  which 
a r e  a s s o c i a t e d  w i t h  th e  d o r s a l  a s p e c t s  of  th e  a x i s ,  a t l a s  
and t h e  o c c i p i t a l  r e g io n  of th e  s k u l l  can be c l e a r l y  s e e n .  
With t h e  a i d  of  a d i s s e c t i n g  m icroscope  th e  a t t a c h m e n t s  o f  
t h e s e  m u sc le s  a r e  c l e a r e d  from th e  s p i n a l  p r o c e s s  o f  t h e  
a x i s ,  and from th e  d o r s a l  s u r f a c e s  o f  t h e  a t l a s  and t h e  
s u p r a o c c i p i t a l  r e g io n  of  th e  s k u l l .  I t  was s u g g e s t e d  by 
McCouch e t  a l .  (1951) t h a t  neck r e f l e x e s  can p e r s i s t  i f  t h e  
a r t i c u l a r  s u r f a c e s  j u s t  mentioned a re  no t  c a r e f u l l y  c l e a r e d  
o f  t i s s u e .  These a u th o r s  su g g e s t in g  t h a t  neck r e f l e x e s  
r e s u l t  from th e  a c t i v a t i o n  of  j o i n t  r e c e p t o r s  whose n e rv e s  
l i e  i n  t h e  f a c s i a  c o v e r in g  th e  i n t e r v e r t é b r a l  fo ram ena .  
R ecen t  work however (Richmond and Bakker ,  198 2 ) ,  has  
q u e s t i o n e d  t h i s  c o n c lu s io n  on th e  b a s i s  o f  an a p p a r e n t  l a c k  
o f  R u f f i n i  end in g s  i n  t h e s e  r e g i o n s .  D e sp i t e  t h i s  
c o n t r o v e r s y  th e  o r i g i n a l  r e s u l t  of McCouch e t  a l .  (1951) 
t h a t  neck r e f l e x e s  a r e  only a b o l i s h e d  f o l lo w in g  p r o c e d u r e s  
t h a t  would i n t e r r u p t  th e  h y p o th e s iz e d  j o i n t  a f f e r e n t s  make 
i t  e s s e n t i a l  in  t h e s e  e x per im en ts  t h a t  th e  f a s c i a  and
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l i g a m e n t s  c o v e r in g  t h e  i n t e r v e r t é b r a l  foramena a r e  t r e a t e d  
a s  p r o b a b l e  s i t e s  f o r  t h e  g e n e r a t i o n  of  neck r e f l e x e s .
In  o r d e r  to  e l i m i n a t e  r e f l e x  e f f e c t s  from t h e  C2 
r e g i o n ,  t h e  f a s c i a  i s  c u t  c i r c u m f e r e n t i a l l y  around  t h e  
s e co n d  c e r v i c a l  n e rv e ,  and th e  nerve  r o o t s  s e c t i o n e d  
p r o x i m a l  to  t h e  d o r s a l  ro o t  g a n g l io n .  For con v en ien c e  t h e  
v e n t r a l  r o o t s  a r e  s e c t i o n e d  a long  w i th  t h e  d o r s a l  r o o t s ,  
t h i s  p r o c e d u r e  i s  c a r r i e d  out  b i l a t e r a l l y .  To s e c t i o n  t h e  
d o r s a l  r o o t s  o f  Cl an i n t r a d u r a l  approach  was employed.  The 
d u r a  was exposed  by s p l i t t i n g  th e  a t l a n t o - o c c i p i t a l  c a p s u l e  
l o n g i t u d i n a l l y .  In  most c a se s  a small  a re a  of  t h e  d o r s a l  
s u r f a c e  of  t h e  a t l a s  was removed to  f a c i l i t a t e  a c c e s s  to  
t h e  s p i n a l  c o r d .  The dura  was th en  c u t  near  t h e  d o r s a l  r o o t  
e n t r y  zones  and by g e n t l y  l i f t i n g  i t  t h e  d o r s a l  r o o t  
f i l a m e n t s  can be seen  j o i n i n g  th e  s p i n a l  c o rd .  The r o o t l e t s  
can  t h e n  be c u t ,  t h i s  p rocedure  was c a r r i e d  ou t  
b i l a t e r a l l y .  The d e n e r v a t i o n  of Cl and C2 a l lo w s  n a t u r a l l y  
evoked  l a b y r i n t h  r e f l e x e s  to  be s t u d i e d  i n  i s o l a t i o n  from 
neck r e f l e x e s  by un co u p l ing  th e  two r e f l e x  sy s te m s .
Appendix  A p r o v i d e s  an i l l u s t r a t e d  g u id e  to  t h e  above 
d i s s e c t i o n .
2 . 1 . 4  Implantation of  cuff electrod.es ropnd t h e  s u p e r f i c i a l  
R a d i a l  nerve.
Cuff  e l e c t r o d e s  were im p lan ted  round th e  
s u p e r f i c i a l  r a d i a l  n e rv e s  of  th e  r i g h t  and l e f t  f o r e l i m b s  
i n  o r d e r  to  i n v e s t i g a t e  th e  m odu la t ion  of  e l e c t r i c a l l y  
evoked  f l e x i o n  and c ro s s e d  e x te n s io n  r e f l e x e s  w i th
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c o m b i n a t i o n s  o f  changes  in  head ,  neck ,  and elbow p o s i t i o n s .
The s u p e r f i c i a l  r a d i a l  ne rv e  i s  composed o f  two 
b r a n c h e s ,  t h e  l a t e r a l  and th e  m ed ia l  b r a n c h e s .  The n e rve  
b r a n c h e s  l i e  to  each s i d e  of th e  c e p h a l i c  v e i n  which 
c o u r s e s  a lo n g  t h e  top  of  b r a c h i o r a d i a l i s  toward  t h e  
f o r e p a w .  The n e rv e  c a r r i e s  c u taneo u s  a f f e r e n t s  su p p ly in g  
t h e  dorsum of  t h e  paw and th e  d i s t a l  p o r t i o n s  of  t h e  
f o r e a r m .  C a r e f u l  d i s s e c t i o n  on a c a r c a s e  a l s o  r e v e a l s  a 
motor  i n n e r v a t i o n  to  th e  lower p o r t i o n s  of  b r a c h i o r a d i a l i s -  
e l e c t r i c a l  s t i m u l a t i o n  con f i rm s  t h i s .
To im p la n t  th e  e l e c t r o d e s  an i n c i s i o n  of  
a p p r o x i m a t e l y  2cm i s  made s l i g h t l y  m edia l  and p a r a l l e l  to  
t h e  c o u r s e  o f  t h e  nerve  above b r a c h i o r a d i a l i s .  By l i f t i n g  
t h e  s k i n  w i t h  Spencer  W ells  f o r c e p s  t h e  l a t e r a l  and m ed ia l  
b r a n c h e s  can be seen  l y in g  i n  c lo s e  p ro x im a t io n  to  t h e  
c e p h a l i c  v e i n .  By b l u n t  d i s s e c t i o n  t h e  n e rv e s  a r e  f r e e d  
from t h e  s u r r o u n d in g  f a s c i a  and a c u f f  e l e c t r o d e  c a r e f u l l y  
p l a c e d  round bo th  b ran ch es  of  th e  n e rv e .  The e l e c t r o d e  i s  
t h e n  s t i t c h e d  t o  t h e  u n d e r ly in g  m usc le  and t h e  exposed  
p o r t i o n s  o f  n e rv e  co a ted  w i th  v a s e l i n e .  The e l e c t r o d e s  a r e  
c o n s t r u c t e d  from c h l o r i d e d  s i l v e r  w i re  i n s e r t e d  i n t o  s h o r t  
p i e c e s  o f  r i g i d  p l a s t i c  t u b i n g .  Viewed end on t h e  t u b i n g  i s  
*C* s h a p e d .
2 . 1 . 5  Lab y r in th e c to m v ^
As t h e  e f f e c t s  of  l a b y r in th e c to m y  a re  i n v e s t i g a t e d  
i n  a c u t e  and c h r o n i c  p r e p a r a t i o n s  t h i s  s e c t i o n  w i l l  d e a l  
w i t h  t h e  method of  d e s t r u c t i o n  o f  t h e  l a b y r i n t h .  The
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s e c t i o n s  t o  f o l lo w  w i l l  d e t a i l  t h e  s p e c i a l  a r r a n g e m e n ts  
made f o r  t h e  w e l f a r e  of  the  c h ro n ic  c a t s .
The method of  l a b y r in th e c to m y  f o l lo w s  t h e  p ro c e d u re  
o f  de K l i e j n  (1912) • T h is  method employs a v e n t r a l  approach  
t h r o u g h  t h e  b u l l a  to  g a in  a c c e s s  to  t h e  l a b y r i n t h i n e  
c a v i t y .  An o u t l i n e  of  th e  s u r g i c a l  s t e p s  in  t h e  
l a b y r i n t h e c t o m y  i s  g iven  below.
The c a t  i s  a n a e s t h e t i s e d  as  p r e v i o u s l y  d e s c r i b e d  
( s e c t i o n  2 . 1 . 1 )  and p l a c e d  in  a su p in e  p o s i t i o n .  By 
p a l p a t a t i o n ,  t h e  a n g le  of th e  jaw i s  l o c a t e d  and from t h i s  
p o i n t  moving s l i g h t l y  medial  and c a u d a l l y  t h e  p o s i t i o n  of  
t h e  b u l l a  i s  found .  A s k in  i n c i s i o n  i s  t h e n  made a c r o s s  
t h i s  r e g i o n  s t a r t i n g  from th e  a n g le  o f  th e  jaw. On 
r e t r a c t i n g  t h e  s k i n  t h e  l a r g e  v e in s  t h a t  u n i t e  to  form th e  
e x t e r n a l  j u g u l a r  v e in  can be seen ,  a s  can t h e  s a l i v a r y  
g l a n d s  t h a t  l i e  above th e  b u l l a .  In a p p ro a c h in g  t h e  b u l l a  
t h e  m a n d ib u la r  g lan d  i s  f r e e d  from t h e  s u r r o u n d in g  
c o n n e c t i v e  t i s s u e  and i s  d i s p l a c e d  m e d i a l l y .  The d i g a s t r i c  
m u sc le  can th en  be seen  and has to  be b o th  s p l i t  and 
r e t r a c t e d  i n  o rd e r  to  reach  th e  bony s u r f a c e  o f  t h e  b u l l a .
At t h i s  p o i n t  in  t h e  d i s s e c t i o n  g r e a t  c a r e  must be t a k e n  as  
t h e  e x t e r n a l  c a r o t i d  p a s s e s  s u p e r f i c i a l l y  a c r o s s  t h e  b u l l a .  
The a r t e r y  i s  r e t r a c t e d  c a u d a l l y ,  and t h e  w a l l  of  t h e  b u l l a  
i s  p e r f o r a t e d  u s in g  a d e n t a l  p i c k .  The h o l e  i n  t h e  b u l l a  i s  
t h e n  e n l a r g e d  w i th  sm all  bone f o r c e p s .  At t h i s  p o i n t  in  t h e  
d i s s e c t i o n ,  under s u i t a b l e  i l l u m i n a t i o n ,  t h e  round window 
can be p a r t i a l l y  se en .  I t  i s  o bscu red  to  v a r y i n g  d e g r e e s  by 
a bony p a r t i t i o n  which d i v i d e s  th e  m idd le  e a r  i n t o  two 
p a r t s .  The bony w a l l  i s  demolished  and t h e  f r a g m e n ts  o f
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bone  removed, so as  to  g a in  a f u l l  view of  t h e  i n n e r  e a r .  
U s in g  a d e n t a l  p robe  or a small  gouge t h e  round window i s  
o pe n ed  and endolymph can be seen  f lo w in g  from t h e  i n n e r  
e a r .  By r o t a t i n g  t h e  probe between t h e  f i n g e r s  t h e  
l a b y r i n t h i n e  c a v i t y  can be,  t o  a l a r g e  e x t e n t ,  
e v a c u a t e d .R e m a in in g  p i e c e s  o f  membranous l a b y r i n t h  a r e  
removed w i t h  sm all  f o r c e p s .  The l a b y r i n th e c to m y  i s  com ple te  
when t h e  b a r e  bony w a l l  of t h e  a u d i t o r y  c a p s u l e  i s  seen  
a l o n g  w i t h  t h e  th e  stump of  t h e  e i g h t h  n e rv e .  D uring  t h e s e  
f i n a l  s t a g e s  o f  th e  o p e r a t i o n  t h e  i n t e r n a l  a u r i c u l a r  b ranch  
o f  t h e  f a c i a l  n e rve  should  be v i s i b l e  and c a r e  sh o u ld  be 
t a k e n  so a s  t o  avo id  damaging t h i s  n e rv e .  On c o m p le t io n  t h e  
b u l l a  i s  packed  w i th  a small  p i e c e  of  c o t t o n  wool and th e  
s k i n  i n c i s i o n  c l o s e d .  T h is  p ro c e d u re  i s  t h e  same i n  b o th  
a c u t e  and c h r o n i c  p r e p a r a t i o n s  and i s  c a r r i e d  o u t  on t h e  
l e f t  l a b y r i n t h .  In some i n s t a n c e s  a b i l a t e r a l  
l a b y  r i n th e c t o m y  was c a r r i e d  o u t ;  t h e s e  were a c u te  
e x p e r i m e n t s .  The c h ro n ic  ex p e r im e n ts  d i f f e r  from t h e  a c u t e  
o n e s  i n  one obvious  r e s p e c t ,  t h a t  i s ,  t h e y  r e c o v e r  from t h e  
a n a e s t h e s i a  and undergo a p e r i o d  of  r e c o v e r y  p r i o r  t o  t h e  
e x p e r i m e n t ,  t h e  a c u t e s  do no t  r e c o v e r  c o n s e i o u s n e s s .
2 .1 . 6  Special provisions made for the post-op._&ecovory.._&f
c h r o n i c a l l y  hemilaby r inthectomy. zed c a t ^ _».
Hemilabyr in th ec to m y  i n f l i c t s  g r o s s  i n s u l t  to  t h e  
b e h a v i o u r  o f  any an im al .  For t h i s  r e a so n  g r e a t  c a r e  was 
t a k e n  i n  management of th e  p o s t - o p e r a t i v e  p e r i o d  and 
s u b s e q u e n t  reco v ery  phase  of  th e  s e l e c t e d  a n im a l s .
page 80
Animals  used i n  th e  s e r i e s  of  c h r o n i c  e x p e r im e n t s  
were  e i t h e r  s p e c i a l l y  p u rch a se d ,  on t h e  b a s i s  o f  b e in g  f r e e  
f rom i n f e c t i o n ,  or  were animal house s to c k  d e c l a r e d  
i n f e c t i o n  f r e e  f o l lo w in g  a d m i n i s t r a t i o n  o f  a c o u rs e  of 
a n t i b i o t i c s .  In  o r d e r  to  reduce  t h e  r i s k  of  r e —i n f e c t i o n  
f rom o t h e r  a n im a l s ,  t h e s e  c a t s  were housed  s e p a r a t e l y  from 
t h e  main c a t  s t o c k .
I n f e c t i o n  from any s u r g i c a l  i n t e r v e n t i o n  i s  l i k e l y  
i f  no s p e c i a l  p r e c a u t i o n s  a re  t a k e n .  For t h i s  r e a s o n  
l a b y  r i n th e c t o m y  in  t h e s e  an im als  was c a r r i e d  o u t  under  
a s e p t i c  c o n d i t i o n s  i n  t h e  o p e r a t i n g  t h e a t r e  w i t h i n  t h e  
a n im a l  house complex. To f u r t h e r  reduce  t h e  r i s k  of  
i n f e c t i o n  t h e  wound was l i b e r a l l y  d r e s s e d  w i t h  Acramide 
(D a le s  P h a r m a c e u t i c a l s  L t d ) . Acramide i s  a g e n e r a l  p u rpo se  
a n t i b a c t e r i a l  d r e s s i n g  c o n t a i n i n g  A m inacr ine  h y d r o c h l o r i d e  
and s u l p h a n i l a m i d e .  These p r e c a u t i o n s  r e s u l t e d  i n  a l l  
a n im a l s  s t a y i n g  f r e e  of  i n f e c t i o n .
As re c o v e ry  from gas a n a e s t h e s i a  i s  v e ry  r a p i d ,  i t  
was d e c i d e d  t h a t  a p o s t  o p e r a t i v e  s e d a t i v e  sh o u ld  be 
a d m i n i s t e r e d  t o  r e l i e v e  t h i s  p e r i o d  o f  r e c o v e ry  where th e  
e f f e c t s  o f  h e m i lab y r in th e c to m y  a r e  most p ro fo u n d .  To t h i s  
e n d ,  and i n  c o n s u l t a t i o n  w i th  r e p r e s e n t a t i v e s  o f  t h e  
U n i v e r s i t y  o f  Glasgow Vet Schoo l ,  a c o c k t a i l  o f  two 
c o m m e rc ia l ly  a v a i l a b l e  v e t e r i n a r y  p r o d u c t s  was u se d .
I n j e c t e d  i n t r a m u s c u l a r l y ,  p r i o r  to  t h e  o n s e t  of gas  
a n a e s t h e s i a ,  t h e  c o c k t a i l  c o n ta in e d  a m ix tu re  of  Rompun 
(Bayer)  and V e t e l a r  ( P a r k e - D a v i s ) . Rompun' s a c t i v e  
i n g r e d i e n t s  in c lu d e  a s e d a t i v e ,  an a n a l g e s i c  a n a e s t h e t i c  
and a m usc le  r e l a x a n t  w h i l e  V e t a l a r  c o n t a i n s  k e ta m in e .  The
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c a t s  a r o u s e d  v e ry  s low ly  from th e  a c t i o n  o f  t h i s  pow erfu l  
s e d a t i o n  and e x h i b i t e d  no obv ious  s i g n s  of  p o s t  o p e r a t i v e  
p a i n .  The i n d i v i d u a l  cages  were a l s o  f i t t e d  w i th  red  f a c e d  
i n f r a  r e d  h e a t i n g  lam ps.  These lamps h e lp e d  to  m a i n t a i n  a 
warm e n v iron m en t  d u r in g  th e  f i r s t  days a f t e r  t h e  o p e r a t i o n ,  
t h e  r e d  f a c e s  m in im ise  th e  d i s t u r b i n g  e f f e c t s  cau sed  by 
b r i g h t  l i g h t s .
Food and w a te r  were made f r e e l y  a v a i l a b l e  to  t h e  
c a t s  on coming o u t  of  s e d a t i o n  and t h e i r  w e ig h ts  were t a k e n  
d a i l y  i n  o r d e r  to  judge  t h e i r  w e l l  b e in g .  A f t e r  an i n i t i a l  
w e i g h t  l o s s ,  due to  an a p p a r e n t  l a c k  of  a p p e t i t e ,  a l l  c a t s  
w e i g h t s  s t a b i l i z e d  b e f o r e  i n c r e a s i n g  above p r e  o p e r a t i o n  
l e v e l s .  A d a i l y  d i a r y  of  each c a t ' s  p r o g r e s s  was made, t h i s  
d e t a i l i n g  t h e  symptoms of  t h e  hemilaby  r in th e c to m y  and th e  
c o n d i t i o n  of  th e  a n im a l .  The c a t s  were encouraged  t o  move 
a b o u t  and were  f r e q u e n t l y  l e t  l o o s e  i n  t h e  l a b o r a t o r y  f o r  
s e v e r a l  ho u rs  a t  a t im e .  T h is  a p p e a re d  to  f a c i l i t a t e  t h e  
r e c o v e r y  from th e  o p e r a t i o n  and a l lo w e d  f o r  a d e t a i l e d  
s u r v e y  o f  t h e  r e s u l t a n t  p o s t u r a l  and locom otor  d i s t u r b a n c e s  
and t h e i r  r e d u c t i o n  w i th  t im e .  The a n im a l s  were c a t e r e d  f o r  
i n  t h i s  manner f o r  a t  l e a s t  e i g h t  weeks,  whereupon t h e y  
were p u t  fo rw ard  f o r  e x p e r i m e n t a t io n .
2 . 1 . 7  Summary o f  s n r a ic a l  prot0CQj.§^
In  t h i s  s e c t i o n  summaries o f  t h e  p r o t o c o l s  f o r  t h e  
s u r g i c a l  p r e p a r a t i o n  of  an im als  fo rm ing  t h e  i n d i v i d u a l  
g ro u p s  a r e  g iv e n .  The c a t e g o r i e s  or h e a d in g s  t h a t  a r e  
c o n s i d e r e d  a re  a) normal c a t s  w i th  i n t a c t  l a b y r i n t h s ,  b)
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a c u t e  l e f t  l a b y r i n t h e c t o m i s e d  c a t s ,  c) c h r o n i c  l e f t  
1 a b y r i n t h e c t o m i s e d  c a t s  and d) b i l a t e r a l l y  
l a b y r i n t h e c t o m i s e d  c a t s .  Under each of  t h e s e  h e a d in g s  a 
l i s t  o f  t h e  s u r g i c a l  s t e p s  in  t h e  p r e p a r a t i o n  of  t h e  animal  
i s  g i v e n .  These l i s t s  a l s o  g iv e  t h e  r e l e v a n t  s e c t i o n  
numbers  where  d e t a i l e d  d e s c r i p t i o n s  o f  t h e  i n d i v i d u a l  
s u r g i c a l  s t e p s  can be found.  The number of  c a t s  i n  each  
g ro u p  i s  a l s o  g iv e n .
(a) Normal c a t :  i n t a c t  l a b y r i n t h s  (31 c a t s )  
a n a e s t h e t i s e d  -  s e c t i o n  2 . 1 . 1  
d e c e r e b r a t i o n  -  s e c t i o n  2 . 1 . 2
Cl & C2 s p i n a l  n e rv e s  c u t  -  s e c t i o n  2 . 1 . 3  
i m p l a n t a t i o n  of  c u f f  e l e c t r o d e s  -  s e c t i o n  2 . 1 . 4
(b) Acute  h e m i lab y r in th e c to m y  (26 c a t s )  
a n a e s t h e t i s e d  -  s e c t i o n  2 . 1 . 1
l e f t  l a b y r in th e c to m y  -  s e c t i o n  2 . 1 . 5  
d e c e r e b r a t i o n  -  s e c t i o n  2 . 1 . 2  
Cl  & C2 s p i n a l  n e rves  c u t  -  s e c t i o n  2 . 1 . 3  
i m p l a n t a t i o n  of  c u f f  e l e c t r o d e s  -  s e c t i o n  2 . 1 . 4
(c) C h ron ic  h e m i lab y r in th e c to m y  (10 c a t s )  
a n a e s t h e t i s e d  -  s e c t i o n  2 . 1 . 1
l e f t  l a b y r in th e c to m y  -  s e c t i o n  2 . 1 . 5  
p e r i o d  of  reco very  -  s e c t i o n  2 . 1 . 6  
a n a e t h e t i s e d  — s e c t i o n  2 . 1 . 1  
d e c e r e b r a t i o n  -  s e c t i o n  2 . 1 . 2  
Cl & C2 s p i n a l  n e rv e s  c u t  — s e c t i o n  2 . 1 . 3
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(d) B i l a t e r a l l y  l a b y r i n t h e c t o m i s e d  c a t  (1 c a t )  
a n a e s t h e t i s e d  -  s e c t i o n  2 . 1 . 1  
l e f t  l a b y r in th e c to m y  - s e c t i o n  2 . 1 . 5  
r i g h t  l a b y r in th e c to m y  -  s e c t i o n  2 . 1 . 5  
d e c e r e b r a t i o n  -  s e c t i o n  2 . 1 . 2  
Cl  & C2 s p i n a l  n e rv e s  c u t  -  s e c t i o n  2 . 1 . 3  
i m p l a n t a t i o n  of  c u f f  e l e c t r o d e s  -  s e c t i o n  2 . 1 . 4
In  a l l  e x p e r im en ts  a n a e s t h e s i a  was d i s c o n t i n u e d  
a f t e r  c o m p le t io n  of  s u r g e r y .  During th e  c o u rse  of  s e v e r a l  
e x p e r i m e n t s  f u r t h e r  s u r g i c a l  i n t e r v e n t i o n  was c a r r i e d  o u t .  
T h i s  c o u ld  t a k e  th e  form of a T12 s b t i o n  or i n  normal c a t s ,  
once  t h e  r e f l e x  b e h av io u r  of  t h e  animal  had been 
e s t a b l i s h e d ,  a l e f t  l aby  r in th e c to m y  was o c c a s i o n a l l y  
p e r f o r m e d .  S i m i l a r l y  a r i g h t  lab y  r in th e c to m y  was 
o c c a s i o n a l l y  c a r r i e d  ou t  in  t h e  cou rse  o f  e x p e r im e n t s  on 
b o th  a c u t e  and c h r o n i c  e x p e r im e n t s .  These o c c u r r e n c e s  w i l l  
be d e t a i l e d  i n  th e  r e l e v a n t  r e s u l t s  s e c t i o n s .
2 . 2 . 0  Details of anim al  f i x a t i o n  and s t i m u l a t j Loji 
jt^chniques..
In  t h i s  d i v i s i o n  of  t h i s  c h a p t e r  th e  d e t a i l s  o f  t h e  
m ethods  u sed  i n  s u p p o r t i n g  and f i x i n g  t h e  an im al  to  t h e  
e x p e r i m e n t a l  a p p a r a tu s  and t h e  methods used  f o r  s t i m u l a t i o n  
o f  v a r i o u s  r e c e p t o r s  a r e  g iven  under a p p r o p r i a t e  h e a d i n g s .
2 . 2 . 1  Experimental a p p a r a t u s  and, an imal  f i x a t i o n ^
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Once s u r g e r y  was completed t h e  animal  was 
t r a n s f e r r e d  t o  t h e  su p p o r t in g  fram e.  The a p p a r a t u s  used i n  
s u p p o r t  o f  e x p e r im e n ta l  animals  was o r i g i n a l l y  d e s i g n e d  by 
Dr T.D.M. R o b e r t s  and sub seq uen t ly  used  by him and o t h e r s  in  
s t u d i e s  o f  l a b y r i n t h  and neck r e f l e x e s .  An i n t e g r a l  p a r t  of  
t h i s  a p p a r a t u s  a r e  f a c i l i t i e s  fo r  th e  n a t u r a l  s t i m u l a t i o n  
o f  t h e  l a b y r i n t h  and of neck r e f l e x  c e n t r e s .  The head ,  neck 
and t r u n k  o f  t h e  animal a re  in d e p e n d e n t ly  s u p p o r t e d .  The 
w e i g h t  o f  t h e  t r u n k  i s  su pp o r ted  by two k n i t t i n g  n e e d l e s ,  
one p a s s i n g  below th e  i l i a c  c r e s t s  t h e  o t h e r  th ro u g h  th e  
s u p r a s p i n o u s  l ig a m e n t  of th e  upper t h o r a c i c  v e r t e b r a .  The 
k n i t t i n g  n e e d l e s  a r e  secu red  by clamps t o  t h e  s u p p o r t i n g  
f r a m e .  The p o s i t i o n  of  t h e s e  s u p p o r t i n g  clamps can be 
a d j u s t e d  so a s  to  p o s i t i o n  th e  c a t  c e n t r a l l y  w i th  a 
s t r a i g h t  b a ck .  The head i s  su p p o r te d  by a head h o l d e r  
( R o b e r t s  1951) clamped so as to  hold  t h e  head i n  an 
a p p r o x i m a t e l y  normal a t t i t u d e ,  th e  a n g le  of  t h e  mouth l y i n g  
45 d e g r e e s  t o  t h e  h o r i z o n t a l .  A clamp a t t a c h e d  t o  t h e  a x i s  
v e r t e b r a  (exposed d u r in g  su rg e ry )  s u p p o r t s  t h e  neck .  Both 
t h e  c lamps s u p p o r t i n g  th e  head and t h e  neck a r e  i n t e g r a l  
p a r t s  a s s o c i a t e d  w i th  th e  methods of  n a t u r a l l y  s t i m u l a t i n g  
t h e  l a b y r i n t h  and neck p r o p r i o c e p t o r s  r e s p e c t i v e l y .  The 
d e t a i l s  o f  t h e  s t i m u l a t i o n  t e c h n iq u e s  f o l lo w  in  a l a t t e r
s e c t i o n .
In  t h e  su p p o r t  of th e  f o r e l i m b s ,  s t e e l  p i n s  were 
i n s e r t e d  i n t o  th e  humerus and u lna  of bo th  f o r e l i m b s .  B rass  
r o d s  were  a t t a c h e d  to  t h e  hum er0  p in s  and s e c u r e d  r i g i d l y  
t o  t h e  s u p p o r t i n g  frame so as to  e l i m i n a t e  movements a bou t
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t h e  s h o u l d e r .  The lower arm was s e c u r e d  to  a b r a s s  rod 
w h ich  c o u ld  be r o t a t e d  and h e ld  f i x e d  a t  p o s i t i o n s  abou t  an 
a x i s  c o i n c i d e n t  w i th  n a t u r a l  movements about  t h e  elbow.
T h i s  a l l o w e d  t h e  p o s i t i o n  of  th e  elbow to  be changed d u r in g  
an  e x p e r i m e n t ,  f u r t h e r  d e t a i l s  o f  t h i s  a r e  g iv en  i n  t h e  
s e c t i o n  r e g a r d i n g  j o i n t  r e c e p to r  s t i m u l a t i o n .  The h ind  
l im b s  were  no t  r i g i d l y  f i x e d  d u r in g  t h e  co u rse  of  an 
e x p e r i m e n t .  R a d ia n t  h e a t i n g  lamps were a t t a c h e d  t o  t h e  
s u p p o r t i n g  f rame and m a in ta in e d  body t e m p e r a tu r e  a t  3 7 + / -  1 
d e g r e e  c e n t i g r a d e ,  as  m on i to red  by r e c t a l  t e m p e r a t u r e .
2 . 2 . 2  N a t u r a l  s t i m u l a t i o n  t e c h n iq u e s  (head,_ neck and 
■jf?i-n.t) .
As p r e v i o u s l y  m ent ioned ,  n a t u r a l  s t i m u l a t i o n  i s  
u se d  t o  a l t e r  l a b y r i n t h  and neck p r o p r i o c e t o r  o u t p u t .  The 
c lamp s u p p o r t i n g  t h e  head p e r m i t t e d  head  r o t a t i o n  a b o u t  an 
a n t e r i o r - p o s t e r i o r  a x i s ,  whereas t h e  clamp on t h e  a x i s  
v e r t e b r a  a l lo w e d  r o t a t i o n  of  th e  neck about  an i n c l i n e d  
a x i s  p a s s i n g  th ro u g h  th e  v e r t e b r a l  column. F ig .  2 shows th e  
a x es  o f  r o t a t i o n  about  which head and neck movements a r e  
made. The p o s i t i o n  of  i n t e r s e c t i o n  of  t h e s e  axes  i s  
c r i t i c a l  t o  t h e  su c ce ss  o f  an e x p e r im e n t .  In p o s i t i o n i n g  
t h e  c a t  i n  t h e  frame a t i s s u e  clamp i s  a t t a c h e d  to  t h e  th e  
s p i n a l  p r o c e s s  o f  th e  a x i s  v e r t e b r a .  By w a tch ing  t h i s  clamp 
d u r i n g  he ad  r o t a t i o n s  i t  i s  p o s s i b l e  to  d e te rm in e  i f  t h e  
a x i s  o f  head r o t a t i o n  i s  a l i g n e d  c o r r e c t l y .  I d e a l l y ,  t h i s  
a x i s  o f  r o t a t i o n  should  run a long  t h e  m id l in e  and p a s s  
t h r o u g h  t h e  odo n to id  p r o c e s s  of  t h e  a x i s  v e r t e b r a .  I f
IF i g u r e  2 .  Diagram of c a t  s k u l l  and c e r v i c a l  s p i n a l  column, 
i l l u s t r a t i n g  a n t e r i o r - p o s t e r i o r  a x i s  o f  head r o t a t i o n  and 
t h e  a x i s  o f  neck r o t a t i o n  p a s s in g  th ro u g h  t h e  v e r t e b r a l  
column. Note i n t e r s e c t i o n  of axes of r o t a t i o n  a t  o d o n to id  
p r o c e s s .
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a l i g n m e n t  i s  c o r r e c t  a head r o t a t i o n  shou ld  p roduce  no 
movement o f  t h e  clamp on the  a x i s  v e r t e b r a ,  i f  movement i s  
s e e n ,  t h e  p o s i t i o n  of  clamps s e c u r in g  t h e  head a r e  a l t e r e d  
u n t i l  t h e  d e s i r e d  r e s u l t  i s  a t t a i n e d .  The t i s s u e  clamp i s  
t h e n  r e p l a c e d  by th e  neck su p p o r t in g  clamp. T h is  clamp i s  
a t t a c h e d  v i a  a system of l e v e r s  to  a s p i n d l e  abou t  which 
r o t a t i o n s  t a k e  p l a c e .  These r o t a t i o n s  be in g  abou t  an 
i n c l i n e d  a x i s  p a s s i n g  th rough  th e  o d o n to id  p r o c e s s  o f  th e  
a x i s  v e r t e b r a  and th e  upper c e r v i c a l  column. The p o i n t  of 
i n t e r s e c t i o n  o f  th e  a x i s  of head r o t a t i o n  w i th  t h e  a x i s  of  
neck  r o t a t i o n  i s  t h e  odon to id  p r o c e s s  (see  F i g .  2) . When 
t h e  c lamp on t h e  a x i s  i s  he ld  f i x e d ,  a r o t a t i o n  of  t h e  
head  p r o d u c e s  movement of th e  a t l a n t o - a x i a l  and 
a t l a n t o - o c c i p i t a l  j o i n t s  on ly .  As t h e s e  j o i n t s  have been 
d e n e r v a t e d  no neck r e f l e x  r e s p o n se s  deve lop  and l a b y r i n t h  
r e f l e x e s  can be s t u d i e d  in  i s o l a t i o n  from neck r e f l e x  
c o n t a m i n a t i o n .  S i m i l a r l y  neck r e f l e x e s  can be s t u d i e d  i n  
i s o l a t i o n  when t h e  head i s  h e ld  f i x e d  and t h e  clamp on t h e  
a x i s  v e r t e b r a  r o t a t e d .  The r e s u l t a n t  movements o f  c e r v i c a l  
j o i n t s  below th e  clamp produce neck r e f l e x  r e s p o n s e s .  
P o t e n t i o m e t e r s  were a t t a c h e d  to  t h e  t h e  s p i n d l e s  abou t  
which head  and neck r o t a t i o n s  took  p l a c e .  In  t h i s  way head 
and neck p o s i t i o n  could  be m on i to red .  Head r o t a t i o n s  a r e  
d e s c r i b e d  a s  e i t h e r  to  th e  r i g h t  or to  t h e  l e f t .  A head 
r o t a t i o n  t o  t h e  r i g h t  i n d i c a t e s  t h a t  th e  head i s  t i l t e d  
l a t e r a l l y  so t h a t  th e  v e r t e x  of  th e  s k u l l  i s  r o t a t e d  t o  t h e  
r i g h t  s i d e  o f  t h e  an im al .  Neck r o t a t i o n s  w i l l  be d e s c r i b e d  
s i m i l a r l y ,  f o r  example, a neck r o t a t i o n  to  t h e  l e f t  
i n d i c a t e s  t h a t  th e  sp inous  p r o c e s s  of t h e  a x i s  v e r t e b r a  i s
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- r o t a t e d  to w ard  t h a t  s id e = ^ f  th e .a n im a t . :  : _ : , . ,
i n  t h e  majt)Tity  o t  - e x p e r im e n te c ta i^ r in th ,  and, n$ck 
r e f l e x e s  a r e  p roduced  t n r t h e  manner- jus t , s^descr ibed .  In  
s e v e r a l  e x p e r j .# e n t s  lon b i t a t e r a l l y - :  1 a b y -r in thec t^m ized  c a t s ,  
however , ,  h e a d  ' r o t a t i o n s  a r e  used t o  e l i c i t  neck r e f t ^ x e s  
when Gl- and. C2 a r e  â n ta c t i *  A head r o t a t i o n  t o  one s i d e  in  
t h e s e  c a t  s __pro du ce s s i m i l a r  r e s u l t s  t o  neck r o t a t i o n s  in  
-denerv-ated c a t s .  These^ p r e p a r a t i o n s  w i l l  be more f u l l y  
d e s c r i b e d  i n  t h e  r e l e v a n t  r e s u l t s - s e c t i o n s .
: The main p a r t  of  t h i s -  t h e s i s  conce rns  th e
o r g a n i s a t i o n  of  l a b y r i n t h  and neck r e f l e x e s ,  on d i f f e r e n t  
f  o r e l i m h  mus d e s  i n  normal ,  a c u te  and c h ro n ic  
h -e jn i la b y x in th e c to m iz e d  : c a t s .  A d d i t i o n a l l y ,  t h e  e f f e c t  of 
a l t e r a t i o n s  i n  l imb p o s t u r e  o n - l a b y r i n t h  and neck r e f l e x  
jsyis-teitis I n  t h e s e  c a t s  was s t u d i e d .  This  was a c h ie v e d  by 
a l t e r i n g  forelimb - p o s i t i o n - b y  r o t a t i o n  about  th e  elbow.
T h is z :p ro c e dure  h a s  been shown to  m odula te  th e  d i s c h a r g e  of  
t o n i c a l l y  a c t i v e  j o i n t  receptors (Baxendale  and F e r r e l l ,
1:9 8.3 ) - - - " - - .  - - -
: . : The ^ p o s i t io n  of  both  elbows cou ld  be f i x e d  a t  any
p o s i t i o n  -between 30-3 eg r e e s an d 165 d e g r e e s .  In p r  a  c t  i  ce 
j o i n t  a n  g l  ^  - o f  1  e s s  th an  60 d e g re e s  were no t  used  a s  
c o n s i d e r a b l e  r e s i s t a n c e  to  f l e x i o n  i s  e n c o u n te re d  beyond 
t h i s  ang lC i  To " t e s t  if" limb p o s i t i o n  i n f l u e n c e d  l a b y r i n t h  
a n d  nedk v r e f f e x e s ' j o i n t - p o s i t i o n s  r e p r e s e n t i n g  f l e x e d  and 
e x te n d e d  p o s t u r e s ’-were'  used as was a p o s . i t io n  midway
b e t w e e n  t h e s e ’ two- extreme p o s i t i o n s .  As d e s c r i b e d  i n  t h e
p r e v i o u s  s e c t i o n ' bone p in s  were in s e r t e d  i n t o  b o th  humeri 
and u ln a<;. - A t t a c h e d  t o - t h e s e  p in s  were th e  d e v ic e s  used to
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f i x  t h e  f o r e l i m b s  a t  d i f f e r e n t  p o s i t i o n s .  F i g .  3 
i l l u s t r a t e s  t h e  components o f  t h e s e  d e v i c e s .  Composed o f  
two m e ta l  rods  a r t i c u l a t e d  a bo u t  t h e i r  common ends t h e  
m e ta l  rods  c o u ld  be r o t a t e d  r e l a t i v e  t o  each  o t h e r  a b o u t  an 
a x i s  p a s s i n g  th r o u g h  t h i s  a r t i c u l a t i o n  and f i x e d  a t  t h e  
d e s i r e d  p o s i t i o n .  When t h i s  a x i s  i s  a l i g n e d  w i t h  t h e  elbow 
j o i n t ,  movement a b o u t  i t  changes  t h e  p o s i t i o n  o f  t h e  lower  
l im b  r e l a t i v e  t o  t h e  upper  l imb which  i s  r i g i d l y  f i x e d  t o  
t h e  f r a m e .  T h is  movement a bo u t  t h e  elbow can be e x p e c t e d  t o  
r e s u l t  i n  changes  i n  m usc le  l e n g t h  a s  w e l l  as  a l t e r i n g  
j o i n t  r e c e p t o r  d i s c h a r g e .  In  o r d e r  t o  d i f f e r e n t i a t e  be tween  
m usc le  and j o i n t  r e c e p t o r  a c t i o n s  i n t r a - a r t i c u l a r  
i n j e c t i o n s  o f  a 2% l i g n o c a i n e  s o l u t i o n  were  g i v e n .  T h is  
p r o c e d u r e  i s  known to  s e l e c t i v e l y  a b o l i s h  elbow j o i n t  
a f f e r e n t  d i s c h a r g e  (Baxendale  and F e r r e l l ,  1983) f o r  up t o  
one h o u r .  T h is  p r o c e d u r e  a l l o w s  a com par ison  t o  be made 
be tw een  r e s u l t s  o b t a i n e d  a t  d i f f e r e n t  j o i n t  a n g l e s  b e f o r e  
l i g n o c a i n e  i n j e c t i o n  w i th  r e s u l t s  g a in e d  f o l l o w i n g  t h e  
i n j e c t i o n .  The c o n t r i b u t i o n  from v a r i o u s  r e c e p t o r s  t o  any 
r e f l e x  m o d u la t i o n  o b se rv e d  can t h e n  be a s s e s s e d .
2 . 2 . 3  P a r a m e te r s  o f  r a d i a l  n e rv e  s t i m u l a t i o n .
C uff  e l e c t r o d e s  p l a c e d  a round  t h e  s u p e r f i c i a l  
b r a n c h  o f  t h e  r a d i a l  n e r v e s  were  u sed  t o  evoke ,  by 
e l e c t r i c a l  s t i m u l a t i o n ,  i p s i l a t e r a l  and c r o s s e d  r e f l e x e s .  
E l e c t r i c a l  s t i m u l a t i o n  p e r m i t t e d  an a s s e s s m e n t  of  
e x c i t a b i l i t y  i n  t h e s e  r e f l e x  pa thw ays  by m o n i t o r i n g  e i t h e r  
r e f l e x  t h r e s h o l d s  or t h e  s i z e  o f  a r e f l e x  r e s p o n s e  t o  a
(aî
F i g u r e  3 .  Diagram of a p p a ra tu s  used to  f i x  t h e  f o r e l i m b  a t  
d i f f e r e n t  p o s i t i o n s  about  t h e  elbow, (a) s i d e  e l e v a t i o n ,
(b) f r o n t a l  e l e v a t i o n .  The humeris  i s  f i x e d  t o  t h e  upper  
r o d s  by s t e e l  p in s  and t h e  u lna  to  t h e  lower  rod  i n  a  
s i m i l a r  f a s h i o n .  The lower rod can be f i x e d  a t  any 
p o s i t i o n  w i t h i n  t h e  a r c  d e f in e d  i n  ( b ) . The a x i s  o f  
r o t a t i o n  ( p a s s i n g  th rough  th e  wing n u t )  i s  p o s i t i o n e d  t o  
c o i n c i d e  w i th  t h e  a x i s  o f  r o t a t i o n  of  t h e  elbow.
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f i x e d  s t i m u l i .  Using a f i x e d  s t i m u l i  as  a t e s t  p u l s e  i t  was 
p o s s i b l e  to  use a l t e r a t i o n s  in  head ,  neck and elbow 
p o s i t i o n  a s  c o n d i t i o n i n g  i n f l u e n c e s  on t h e  r e s u l t i n g  r e f l e x  
r e s p o n s e .  In  t h i s  way m odula t ion  of  f l e x i o n  and c r o s s e d  
e x t e n s o r  r e f l e x e s  w i th  changes i n  head ,  neck and elbow 
p o s i t i o n  c o u ld  be a s s e s s e d .  T h is  ty p e  of e x p e r im e n t  was 
c a r r i e d  o u t  i n  i n s t a n c e s  where t h e  sp o n ta n eo u s  a c t i v i t y  of  
t h e  d e c e r e b r a t e  p r e p a r a t i o n s  f e l l  to  low l e v e l s ,  such  t h a t  
no d i r e c t  consequences  of  a l t e r a t i o n s  i n  head  p o s i t i o n  were 
o b s e r v a b l e  i n  t h e  EMG of  the  muscle  under  s tu d y .
A c h o ic e  of  two type  of  s t i m u l a t o r  were a v a i l a b l e  
f o r  t h e  g e n e r a t i o n  of  im p u lse s ,  a , D i g i t i m e r  DS2 i s o l a t e d  
s t i m u l a t o r  o r ,  from t h a t  compani^^  N euro log  range  a NL800 
s t i m u l u s  i s o l a t o r  ( t h i s  s t i m u l a t o r  i s  o f  t h e  c o n s t a n t  
c u r r e n t  t y p e ) . For most e x p e r im en ts  t h e  DS2 s t i m u l a t o r  was 
u s e d  a s  t h i s  was found to  be more a d a p t a b l e  to  t h e  
e x p e r i m e n t a l  s i t u a t i o n .  The s t i m u l a t o r s  were  t r i g g e r e d  from 
a D i g i t i m e r  D4030. T h is  i n s t r u m e n t  was programmed t o  
d e l i v e r  5 p u l s e s  a t  50 h e r t z  on t h e  commencement o f  a 
sweep.  A f o u r  channe l  o s c i l l o s c o p e  was a l s o  t r i g g e r e d  from 
t h i s  d e v i c e .  The s t i m u l a t o r  be in g  d r i v e n  by t h e  D i g i t i m e r  
r e p r o d u c e d  t h e  5 p u l s e s .  The p u l s e  w id th  was s e t  t o  1ms.The 
s h o r t e s t  t im e  i n t e r v a l  between s t i m u l u s  t r a i n s  was 4 
s e c o n d s .  As t h e s e  ex per im e n ts  were i n v e s t i g a t i n g  m o d u la t io n  
o f  r e f l e x  pathways by a l t e r i n g  head ,  neck and elbow j o i n t  
p o s i t i o n  a t e s t  was on ly  i n s t i g a t e d  once s u f f i c i e n t  t im e  
f o r  dynamic e f f e c t s ,  r e s u l t i n g  from t h e  p o s i t i o n  change ,  
had e l a p s e d .  Thus an i n t e r v a l  of a t  l e a s t  30 seconds  
f o l l o w i n g  a p o s i t i o n  change was employed b e f o r e  a t e s t .
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F l e x i o n  r e f l e x e s  and c r o s s e d  e x t e n s o r  r e f l e x e s  were 
i n v e s t i g a t e d  f o l l o w in g  changes i n  head ,  neck  and elbow 
j o i n t  p o s i t i o n  i n  c a t s  w i th  i n t a c t  l a b y r i n t h s  and 
h e m i l a b y r i n t h e c t o m i z e d  c a t s .
2.ji3 .tO—P a t s —r e c o r d ing» s t o r a g e  and a n a l y s i s .
In  t h e  f o l lo w in g  s e c t i o n s  d e t a i l s  w i l l  be  g i v e n  o f  
t h e  f o r e l i m b  m u sc le s  s t u d i e d ,  t h e  t e c h n i q u e  u sed  t o  r e c o r d  
t h e  a c t i v i t y  o f  t h e s e  m usc les  and t h e  s u b s e q u e n t  a n a l y s i s  
o f  r e c o r d e d  d a t a .  D e t a i l s  o f  methods used  t o  r e c o r d  eye  
movements i n  a c u t e  and c h r o n i c  h e m i l a b y r i n t h e c t o m i z e d  
p r e p a r a t i o n s  w i l l  a l s o  be g iv e n .
2 . 3 . 1  F o r e l im b  m u s c le s .
L a b y r i n t h  and neck r e f l e x e s ,  a s  p r e v i o u s l y  
d e s c r i b e d  a r e  u n lik e ly  to  i n f l u e n c e  o n ly  one g roup  o f  
m u s c l e s .  The p a tte rn  o f  n a t u r a l l y  evoked l a b y r i n t h  and neck 
r e f l e x e s  have  been w e ll  d e sc r ib ed  fo r  th e  m ed ial head o f  
t r i c e p s  b r a c h i i ,  but l i t t l e  i s  known about th e  b e h a v i o r  o f  
o t h e r  f o r e l i m b  m uscles p a r t ic u la r ly  th e  f l e x o r s .  In t h i s  
stu d y  o f  t h e  o r g a n isa t io n  o f  la b y r in th  and neck r e f le x e s  
th e  b e h a v i o u r  and r e la t io n s h ip  between e x te n s o r s  and 
f l e x o r s  o f  t h e  same and o f  o p p o s ite  lim b s were exam ined.
I n  o r d e r  to  study th e  behaviour o f  e x te n so r s  and 
f l e x o r s  in  th e  one lim b EMG reco rd in g s were thou ght m ost 
a p p r o p r i a t e .  EMG record in gs b e n e f i t  over o th er  m yographic 
t e c h n i q u e s  in  th a t  minimal s u r g ic a l  in e r v e n t io n  i s  req u ired
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and t h e  l im b  can be l e f t  v i r t u a l l y  i n t a c t .  Two p a i r s  o f  EMG 
e l e c t r o d e s  were p l a c e d  i n t o  m usc les  o f  each f o r e l i m b .  
N orm al ly  one p a i r  o f  e l e c t r o d e s  would be p l a c e d  i n  an 
e x t e n s o r ,  t h e  o t h e r  in  a f l e x o r .  The e x t e n s o r  m usc le  
s t u d i e d  was u s u a l l y  th e  m edia l  head o f  t r i c e p s .  T h is  m usc le  
was r e g a r d e d  as  a  s t a n d a r d  a s  l a b y r i n t h  and neck r e f l e x e s  
h av e  a l r e a d y  been d e s c r ib e d  i n  t h i s  m u sc le .  O c c a s i o n a l l y  
r e c o r d s  o f  EMG a c t i v i t y  were t ak en  from t h e  o t h e r  two heads  
o f  t r i c e p s .  For f l e x o r s  bo th  b i c e p s  and b r a c h i a l i s  were  
s t u d i e d .  B ice p s  t a k e s  i t s  o r i g i n  from t h e  s u p r a g l e n o i d  
t u b e r c l e  o f  t h e  s c a p u l a  and runs  a lo n g  t h e  c r a n i a l  s u r f a c e  
o f  t h e  humerus b e f o r e  i n s e r t i n g ,  by a  rounded tend o n  on t h e  
r a d i a l  t u b e r o s i t y  o f  t h e  r a d i u s .  In  consequence  b i c e p s  i s  
f u n c t i o n a l l y  a s s o s i a t e d  w i th  f l e x i o n  o f  t h e  fo rea rm  and 
s u p i n a t i o n  o f  t h e  hand.  B r a c h i a l i s  i s  a  l e s s  complex m u sc le  
s p a n n in g  o n ly  t h e  elbow. A 'V* shaped m u sc le ,  b r a c h i a l i s  
o r i g i n a t e s  from t h e  l a t e r a l  s u r f a c e  o f  t h e  humerus 
i n s e r t i n g  on t h e  u lna  j u s t  d i s t a l  o f  t h e  se m i lu n a r  n o t c h .
I t  i s  a  c l e a r  f l e x o r  of  th e  f o r e l i m b .  During  t h e  c o u r s e  o f  
an e x p e r im e n t  r e c o r d s  could  be a t t a i n e d  from any one or  two 
s e t s  o f  t h e  fo u r  e l e c t r o d e  p a i r s .  T h is  a l lo w e d  co m p ar iso ns  
t o  be made of  e x te n s o r  and f l e x o r  b e h a v io u r  from one or  
b o th  f o r e l i m b s  d u r in g  a l t e r a t i o n s  i n  head  or neck 
p o s i t i o n s .  In  t h i s  manner t h e  comple te  p a t t e r n  of  r e f l e x e s  
a c t i n g  on t h e  m usc les  s t u d i e d  co u ld  be b u i l t  up. T h i s  
p r o c e d u r e  was c a r r i e d  o u t  on a c u te  and c h r o n i c  
h e m i l a b y r i n t h e c t o m i z e d  p r e p a r a t i o n s  a s  w e l l  as  c a t s  w i th  
i n t a c t  l a b y r i n t h s .
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2_.3_.2 EMG r e c o r d i n g .
E lec trom yogram s (EMG's) o f  t h e  above f o r e l i m b  
m u s c le s  were  re c o rd e d  i n  th e  f o l lo w in g  way. P a i r s  o f  s i l v e r  
w i r e s  i n s u l a t e d  e x ce p t  f o r  th e  t i p s  were i n s e r t e d  i n t o  t h e  
b e l l y  o f  t h e  a p p r o p r i a t e  muscles  th ro u g h  21-gauge  
hypoderm ic  n e e d l e s  which were s u b s e q u e n t ly  w i thd raw n .  F ig .
4 shows t h e  c o n s t r u c t i o n  and method of  i m p l a n t a t i o n  of  t h i s  
t y p e  o f  e l e c t r o d e .  The EMG s i g n a l  i s  t h e n  a m p l i f i e d  (x500) 
and low p a s s  f i l t e r e d  (low f req u en cy  c u t  o f f  lOOHz). The 
s i g n a l  a t  t h i s  p o i n t  cou ld  be e i t h e r  viewed d i r e c t l y  on a 4 
c h a n n e l  s t o r a g e  o s c i l l o s c o p e  or r e c t i f i e d  and i n t e g r a t e d  
p r i o r  t o  d i s p l a y .  The t im e  c o n s t a n t  of  t h e  i n t e g r a t o r  co u ld  
be s e t  t o  2 0 ,5 0 ,1 0 0 ,2 0 0 ,5 0 0  or  1000msec by way of  a s i x  
p o s i t i o n  s w i t c h .  The o s c i l l o s c o p e  was used t o  d i s p l a y  th e  
EMG s i g n a l s  from any of  two of  t h e  m usc les  under  s tu d y  a t  
any one t im e .  Head and neck p o s i t i o n  s i g n a l s  b e in g  
d i s p l a y e d  on t h e  rem ain ing  two c h a n n e l s .  With th e  
o s c i l l o s c o p e  s e t  to  a slow sweep speed  ( t y p i c a l l y  I s e c / d i v  
or  s l o w e r ) , and on s t o r a g e  mode, p o l a r o i d  p h o to g r a p h s  o f  
EMG r e s p o n s e s  t o  changes i n  head or neck p o s i t i o n  cou ld  be 
t a k e n .  An o u t p u t  f a c i l i t y  of  t h e  o s c i l l o s c o p e  was,  i n  
a d d i t i o n ,  employed to  make a permanent  r e c o r d  of  a l l  
e x p e r i m e n t a l  d a t a  by r e c o r d in g  t h e  raw EMG and p o s i t i o n  
s i g n a l s  on t a p e  (Hewlet t  and Packard  3960 FM m ag n e t ic  t a p e  
r e c o r d e r ) . By r e c o r d i n g  th e  u n t r e a t e d  EMG s i g n a l  i t  was 
p o s s i b l e  to  s u b s e q u e n t ly  a n a ly s e  t h e  EMG's i n  g r e a t e r  
d e t a i l  once th e  exper im en t  had been com ple ted .  G raph ic  
r e p r e s e n t a t i o n  o f  rec o rd ed  EMG was o b t a i n e d  by e i t h e r
1cm [
insu lated  Ag wire
hypodermic needle
co n n ecto r
= o
i
F i g u r e  4 .  Diagram showing c o n s t r u c t i o n  of  EMG e l e c t r o d e s  
and method o f  i n s e r t i o n  i n t o  m uscular  t i s s u e .
page 93
p h o t o g r a p h i n g  t h e  r e p l a y e d  re c o rd  or  by p l a y i n g  t h e  t a p e  t o  
a  pen  r e c o r d e r .  By r e p l a y in g  t h e  u n t r e a t e d  EMG v a r i o u s  
m a n i p u l a t i o n s  such as f u l l  wave r e c t i f i c a t i o n  and 
i n t e g r a t i o n  of  t h e  s i g n a l s  can be c a r r i e d  o u t  w i t h o u t  
l o s i n g  any q u a l i t y  from th e  o r i g i n a l  s i g n a l .
2...t 3 t 3  Nystagmus in  a c u t e  and c h ro n ic  h e m i l a b y r i n th e c t o m iz e d  
c a t s .
A consequence  of  h e m i lab y r in th e c to m y  i s  t h e  
g e n e r a t i o n  o f  a nystagmus.  T h is  nystagmus i s  o b s e r v e d  i n  
t h e  a c u t e  p r e p a r a t i o n  b u t  d i s a p p e a r s  a f t e r  a p p ro x im a te ly  48 
h o u r s  i n  t h e  c h r o n i c  p r e p a r a t i o n  on ly  to  r e a p p e a r  f o l l o w i n g  
d e c e r e b r a t i o n .  These h o r i z o n t a l  eye movements a r e  m o n i to r e d  
by r e c o r d i n g  t h e  e l e c t r o o c u lo g r a m  (EOG). EOG r e c o r d i n g s  a r e  
o b t a i n e d  th r o u g h  3 s i l v e r ,  s i l v e r  c h l o r i d e  e l e c t r o d e s  
p l a c e d  a t  s i t e s  around th e  o r b i t s .  P i g .  5 i l l u s t r a t e s  t h e  
p l a c e m e n t  o f  th e  e l e c t r o d e s .  These e l e c t r o d e s  a r e  s im p ly  
p u sh e d  th r o u g h  t h e  s k i n  c o v e r in g  t h e  l a t e r a l  e x t e n t s  o f  t h e  
o r b i t s  and th ro u g h  th e  s k in  between t h e  o r b i t s ,  o v e r  t h e  
b r i d g e  o f  t h e  nose .  Due to  th e  sy n c h ro n iz e d  m usc le  a c t i v i t y  
w hich  g e n e r a t e s  t h e  eye movements t h e  e l e c t r i c a l  a c t i v i t y  
p i c k e d  up by th e  e l e c t r o d e s  from t h e s e  m usc les  i s  d i r e c t l y  
r e l a t e d  t o  eye p o s i t i o n .  This  a c t i v i t y  i s  a m p l i f i e d  and 
f i l t e r e d .  A DC c oup led  d i f f e r e n t i a l  a m p l i f i e r  w i th  a  f l a t  
r e s p o n s e  from DC to  7.5KHz (-3dB c u t  o f f )  and a g a i n  o f  100 
i s  u s e d .  The s i g n a l  i s  t h e n  h igh  p a s s  f i l t e r e d  and 
d i s p l a y e d  on t h e  o s c i l l o s c o p e  and samples  o f  t h e  EOG 
r e c o r d e d  on m agne t ic  t a p e .  The nystagmus r e c o r d e d  i n  t h i s
to amplifier
F i g u r e  5 .  Drawing i l l u s t r a t i n g  p lacem en t  of e l e c t r o d e s  f o r  
r e c o r d i n g  h o r i z o n t a l  eye movements, ( t h e  c e n t r a l  e l e c t r o d e  
i s  common) ,
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way can  be se en  t o  be composed of two components ,  a f a s t  
and  a s low component.  The f req u e n cy ,  a m p l i tu d e  and 
d i r e c t i o n  o f  t h e  eye b e a t s  can be o b t a i n e d  from such 
r e c o r d s .
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gHAP.TFR 3 R e s u l t s  -
The r e s u l t s  to  be p r e s e n t e d  d e s c r i b i n g  l a b y r i n t h  
and neck r e f l e x  o r g a n i s a t i o n  a re  d i v i d e d  i n t o  t h r e e  
s e c t i o n s ;  (1) l a b y r i n t h i n e  and neck r e f l e x  o r g a n i z a t i o n  i n  
n o r m a l ,  (2) a c u t e  and (3) c h r o n i c a l l y
h e m i l a b y r i n t h e c t o m i z e d  c a t s .  The e f f e c t  of  a l t e r i n g  l im b  
p o s i t i o n  on t h e s e  r e f l e x  sys tems i n  normal  and a c u t e  c a s e s  
w i l l  be d e a l t  w i th  s e p a r a t e l y .
1_.1.0 The normal  p a t t e r n .
L a b y r i n th  and neck r e f l e x e s  were s t u d i e d  i n  26 
d e c e r e b r a t e  c a t s  w i th  i n t a c t  l a b y r i n t h s .  The r e s u l t s  t o  be 
p r e s e n t e d ,  t h a t  d e t a i l  th e  p a t t e r n  o f  l a b y r i n t h  and neck 
r e f l e x e s  a r e  based  on t h i s  group o f  a n im a l s .
3 . 1 . 1  L a b y r i n t h  r e f l e x e s  in  c a t s  w i th  i n t a c t  l a b y r i n t h s .
L a b y r i n t h i n e  r e f l e x e s  were s t u d i e d  i n  i s o l a t i o n  
f rom  neck r e f l e x e s  f o l lo w in g  d e n e r v a t i o n  of  c e r v i c a l  j o i n t s  
(methods s e c t i o n  2 . 1 . 3 ) .  The t e rm in o lg y  used  t o  d e s c r i b e  
t h e  a d e q u a t e  s t im u lu s  i s  as  d e f in e d  i n  t h e  Methods s e c t i o n .
T i l t i n g  t h e  head of a d e c e r e b r a t e  c a t ,  under
s u i t a b l e  c o n d i t i o n s ,  r e s u l t s  in  c l e a r  s i g n s  o f  movement in  
a l l  l im b s  (both  f o r e  and h in d l i m b s ) .  These movements a r e  
g e n e r a l l y  more e a s i l y  o b se rv a b le  in  t h e  f o r e l i m b s .  With th e  
head  t i l t e d  toward one s id e  of th e  an im al  t h e  l im bs  o f  t h a t
s i d e  become more r i g i d  w h i l e  th e  l im bs  on t h e  o p p o s i t e  s i d e
S-
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a p p e a r  to  show a r e d u c t io n  in  r i g i d i t y .
C lo se  o b s e r v a t i o n  of  a d e c e r e b r a t e  c a t  f o l l o w in g  a 
h ead  t i l t  r e v e a l s ,  t h a t  a l th ou g h  a l t e r a t i o n s  in  t h e  
e x t e n s o r  to n e  of  t h e  l imbs i s  a p p a r e n t  t h e s e  m usc les  a r e  
n o t  t h e  o n ly  m usc les  c o o p e r a t i n g  i n  t h e  r e s p o n s e . I n  a c t i v e  
p r e p a r a t i o n s  s t r o n g  f l e x o r  a c t i v i t y  can be seen  f o l l o w i n g  
h e ad  t i l t s .  The s t r e n g t h  of t h e s e  o b s e r v a b l e  changes  in  
m u s c u la r  a c t i v i t y  can be seen  to  va ry  w i th  th e  e x c i t a b i l i t y  
o f  t h e  p r e p a r a t i o n  as  judged  by th e  amount o f  sp o n ta n eo u s  
EMG and t h e  p r e s e n c e  of  b r i s k  w i th d ra w a l  r e f l e x e s .  The 
c h a n g e s  a r e  a b s e n t  when th e  e x c i t a b i l i t y  i s  low or  d u r in g  
p e r i o d s  when t h e r e  i s  extreme e x te n s o r  r i g i d i t y .  
E x c i t a b i l i t y  changes  in  a d e c e r e b r a t e  p r e p a r a t i o n  can v a ry  
s u b s t a n t i a l l y  d u r in g  th e  course  of  any one e x p e r im e n t ,  
r a n g i n g  from p e r i o d s  of  i n t e n s e  r i g i d i t y  to  p e r i o d s  where 
t h e  l im b s  a r e  f l a c c i d  and o f f e r  l i t t l e  r e s i s t a n c e  t o  
p a s s i v e  d i s p l a c m e n t .  In d e s c r i b i n g  t h e  r e f l e x  r e s p o n s e  of  
f o r e l i m b  m u sc le s  to  changes in  head p o s i t i o n  an a t t e m p t  
w i l l  be made to  c o r r e l a t e  changes i n  r e f l e x  b e h a v io u r  w i th  
a l t e r a t i o n s  i n  th e  e x c i t a b i l i t y  and c o n d i t i o n  of  t h e   ^  ^ f 
p r e p a r a t i o n .  The beh av io u r  of f o r e l im b  e x t e n s o r s  ghrâl 1 be
c o n s i d e r e d  f i r s t .
3 . 1 . 2  Labyrinth r e f l e xes in e x t e n s o t . mpgcJ.es p f .
In  a p r e v io u s  s tudy  Lindsay (1975) d e s c r i b e d  
c h a n g e s  i n  t h e  l e n g th  of t h e  m edia l  head o f  t r i c e p s  
f o l l o w i n g  changes i n  head p o s i t i o n .  In t h i s  p r e s e n t  s tu d y
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t h e  e l e c t r i c a l  a c t i v i t y  o f  t h i s  m usc le  and o f  t h e  o t h e r  two 
h e a d s  o f  t r i c e p s  were sampled under i s o m e t r i c  c o n d i t i o n s .  
E l e c t r o m y o g r a p h s  (EMG) were re c o rd e d  from r i g h t  and  l e f t  
f o r e l i m b s .  Records  o f  EMG a c t i v i t y  i n  t h e  e x t e n s o r  m u sc le s  
on l a t e r a l  head  t i l t s  r e v e a l e d  t h e  same p a t t e r n  o f  e x t e n s o r  
a c t i v i t y  a s  seen  by L indsay  (19 75 ) .  With t h e  a x i s  v e r te b r a  
c lam ped  and t h e  head  r o t a t e d  away from t h e  normal p o s i t io n  
t h e  EMG a c t i v i t y  i n  e x t e n s o r s  from o p p o s i t e  f o r e l i m b s  
d i s p l a y s ,  i n  t h e  m a j o r i t y  o f  t h e  c a ts  s t u d i e d ,  r e c i p r o c a l  
a l t e r a t i o n s  i n  EMG b e h a v io u r .  In  th e  r i g h t  f o r e l i m b  a  head  
r o t a t i o n  t o  t h e  l e f t  l e a d s  t o  a  s u p p r e s s i o n  o f  EMG a c t i v i t y  
i n  t h e  t h r e e  heads  o f  t r i c e p s  on th a t  s i d e .  W hile  i n  t h e  
e q u i v a l e n t  g roup  o f  m usc les  on t h e  l e f t  s i d e  a marked 
i n c r e a s e  i n  EMG i s  seen  d u r in g  t h i s  head  movement. Such 
b e h a v i o u r  i s  i l l u s t r a t e d  i n  F i g .  6 .  I n  t h i s  f i g u r e  head  
p o s i t i o n  i s  i n d i c a t e d  by th e  s i g n a l  shown on t h e  b o t tom  
t r a c e ,  t h e  EMG's from r i g h t  and l e f t  t r i c e p s  by t h o s e  o f  
t h e  t o p  and m id d le  t r a c e s ,  r e s p e c t iv e ly .  The r e c i p r o c a l  
b e h a v i o u r  o f  t h e  e x t e n s o r s  o f  th e  o p p o s i t e  f o r e l i m b s  i s  
c l e a r l y  d e m o n s t r a t e d  i n  t h i s  f i g u r e .  The f i g u r e  a l s o  
d e m o n s t r a t e s  t h e  long  l a s t i n g  nature o f  t h e  r e f l e x  r e s p o n s e  
t o  a  p o s i t i o n a l  head change.  By examining  f i r s t l y  t h e  
n a t u r e  o f  t h e  EMG b e h av io u r  o f  t h e  r i g h t  e x t e n s o r  i t  i s  
a p p a r e n t  t h a t  fo llo w in g  t h e  head r o t a t i o n  from t h e  normal 
p o s i t i o n  t o  a  p o s i t i o n  30 d e g re e s  t o  t h e  l e f t  t h e r e  i s  a  
g r a d u a l  d e c l i n e  i n  a c t i v i t y .  The a c t i v i t y  f a l l s  u n t i l  t h e  
d i s c h a r g e  l e v e l  i s  c o n s i d e r a b ly  l e s s  t h a n  t h a t  o b s e r v e d  a t  
th e  normal p o s i t i o n .  The t im e  c o u rs e  f o r  t h i s  r ed u c tio n  o f  
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o f  t h e  o r i g i n a l  l e v e l  of  a c t i v i t y  i s  m a i n t a i n e d  f o r  t h e  
r e m a in i n g  p e r i o d  t h e  head i s  he ld  i n  i t s  new p o s i t i o n  ( t h e  
p o s i t i o n a l  change  l a s t i n g  j u s t  under 6 .5  s e c o n d s ) .  On 
r e t u r n i n g  t h e  head to  th e  normal p o s i t i o n  s i g n s  of  
i n c r e a s e d  EMG a c t i v i t y  become a p p a r e n t .  As w i th  t h e  
r e d u c t i o n  i n  a c t i v i t y  th e  r e a p p ea ran c e  of  EMG i s  g r a d u a l  
and d o es  n o t  s t a r t  t o  i n c r e a s e  u n t i l  a f t e r  a c o n s i d e r a b l e  
d e l a y  (ap p rox  250ms). S im u l ta n e o u s ly ,  t h e  l e f t  t r i c e p s  
( F i g .  6 ,  m id d le  t r a c e )  shows beh av io u r  r e c i p r o c a l  t o  t h a t  
o f  t h e  r i g h t  t r i c e p s  in  i t s  r esponse  to  head t i l t .  L ike  t h e  
r e s p o n s e  i n  t h e  r i g h t  e x te n so r  th e  a l t e r a t i o n s  i n  a c t i v i t y  
l e v e l s  t h a t  fo l lo w  from th e  head movements a t  t h e  s t a r t ,  
and end o f  t h e  p o s i t i o n a l  change d e v e lo p  s lo w ly  and a r e  
l o n g  l a s t i n g .  The t o n i c  i n c r e a s e  in  t h e  a c t i v i t y  of  t h e  
l e f t  e x t e n s o r  ( fo l lo w in g  th e  head t i l t  of  30 d e g r e e s  t o  t h e  
l e f t )  i s  o n ly  a p p a r e n t  a f t e r  a p p ro x im a te ly  250ms. During  
t h e  p o s i t i o n a l  change th e  i n c r e a s e d  a c t i v i t y  in  t h e  l e f t  
e x t e n s o r  can be seen to  be t o n i c  i n  n a t u r e ,  t h e  EMG b e in g  
m a i n t a i n e d  a t  an e l e v a t e d  l e v e l  u n t i l  t h e  head i s  r e t u r n e d  
t o  t h e  normal  p o s i t i o n .  The c o n t r a s t i n g  b e h a v io u r  of  r i g h t  
and l e f t  e x t e n s o r  muscles  ( i e .  d e c r e a s e d  and i n c r e a s e d  EMG 
a c t i v i t i e s  r e s p e c t i v e l y  on head r o t a t i o n  t o  t h e  l e f t )  and 
t h e  t o n i c  n a t u r e  of th e  a c t i v i t y  changes  o c c u r r i n g  w i t h  t h e  
h ead  t i l t  d e p i c t e d  i n  F ig .  6 a re  t y p i c a l  of  l a b y r i n t h  
r e f l e x e s  a r i s i n g  from th e  o t o l i t h  o rg an s  as  d e s c r i b e d  by 
L in d s a y  (1975) and L indsay  e t  a l .  (1 97 6 ) .  Al though t h e  
r e s p o n s e s  j u s t  d e s c r i b e d  a re  c h a r a c t e r i s t i c  o f  o t o l i t h  
r e f l e x e s  i t  i s  a l s o  common in  a d d i t i o n  t o  t h e  slow o n s e t  of  
r e s p o n s e s  t h a t  th e  r e f l e x  response  t o  a p o s i t i o n a l  change
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may be r e c o g n i z e d  to  c o n s i s t  of a p h a s i c  component as  w e l l  
a s  a t o n i c  one .  F i g .  7a and 7b i l l u s t r a t e  t h i s  o t h e r  common 
f e a t u r e  o f  t h e  r e f l e x  b eh av io u r .  As i n  F i g .  6 t h e  r e f l e x  
r e s p o n s e  of  t h e  r i g h t  and l e f t  e x te n s o r  ( t r i c e p s )  m u sc le s  
( t o p  and m id d le  t r a c e s  r e s p e c t i v e l y )  i s  c o n s i s t e n t  w i th  t h e  
r e f l e x e s  d e s c r i b e d  by Lindsay  (1975) .  The re sp o n se  i n  t h i s  
exam ple  o f  t h e  two e x te n s o r s  can be seen  to  c o n t a i n  p h a s i c  
a s  w e l l  a s  t o n i c  components.
By c o n s i d e r i n g  th e  r i g h t  e x t e n s o r  r e sp o n se  i n  F i g .
7 a  i t  can  be seen  t h a t  th e  g rad u a l  d e c l i n e  i n  a c t i v i t y  
a p p a r e n t  i n  F i g .  6 on head r o t a t i o n  to  t h e  l e f t  i s  r e p l a c e d  
by an a lm o s t  com ple te  s u p p re s s io n  of  EMG a c t i v i t y  f o l l o w i n g  
a l a t e n c y  o f  a p p ro x im a te ly  800ms. T h is  r e d u c t i o n  i n  EMG 
a c t i v i t y  i s  m a in t a in e d  u n t i l  the  head i s  r o t a t e d  tow ard  t h e  
r i g h t ;  a t  which t im e  fo l lo w in g  t h i s  movement t h e  r i g h t  
e x t e n s o r  EMG shows a s h o r t  l a s t i n g  b u r s t  of  a c t i v i t y  b e f o r e  
a  new l e v e l  o f  a c t i v i t y  i s  e s t a b l i s h e d . T h e  r a p i d i t y  of  t h e  
o n s e t  o f  t h i s  p h a s i c  b u r s t  of  a c t i v i t y  i n  F ig .  7 a and t h e  
s low sweep speed  employed make i t  d i f f i c u l t  t o  measure  w i th  
any g r e a t  a cc u ra c y  th e  l a t e n c y  o f  th e  r e s p o n s e .  I t  i s  c l e a r  
however t h a t  i n  F ig .  7b which i l l u s t r a t e s  a s i m i l a r  
r e s p o n s e ,  though  a t  a much i n c r e a s e d  sweep sp e ed ,  t h a t  t h e  
p h a s i c  component i s  c l o s e l y  a s s o c i a t e d  w i th  t h e  p e r i o d  of  
h ead  movement. A s i m i l a r  s i t u a t i o n  i s  a l s o  a p p a r e n t  i n  t h e  
r e s p o n s e  of  th e  l e f t  t r i c e p s  in  F ig .  7a .  In  t h i s  i n s t a n c e  
t h e  i n i t i a l  resp on se  to  th e  head movement i s  an e a r l y  
i n c r e a s e  i n  a c t i v i t y  (approx .  200ms). T h is  i n c r e a s e d  
a c t i v i t y  i s ,  however, no t  m a in ta in ed  b u t  d e c l i n e s  a f t e r  
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F i g u r e  7 .  L a b y r i n t h  r e f l e x e s  i n  r i g h t  and l e f t  t r i c e p s ,
(a)  and (b) EMG r e c o r d i n g s  from r i g h t  and l e f t  t r i c e p s  
(upper  and m id d le  t r a c e s  r e s p e c t i v e l y  in  both (a) & (b) ) 
on r o t a t i o n  o f  t h e  head ( lower t r a c e )  . Note f a s t e r  sweep 
s p e e d  i n  (b) : ( d e c e r e b r a t e  c a t ,  i n t a c t  l a b y r i n t h s ,  Cl & C2 
c u t ,  a x i s  v e r t e b r a  c l a m p e d ) .
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l a s t s  f o r  t h e  d u r a t i o n  of  th e  p o s i t i o n a l  change .  T h is  l e v e l  
o f  a c t i v i t y  i s  however g r e a t e r  th an  t h a t  o b se rv e d  w i t h  t h e  
h e a d  i n  t h e  m i d - p o s i t i o n .  This  type  of  b e h a v i o u r ,  and of  
t h e  more d i s t i n c t  p h a s i c  l i k e  r e sp o nse  e x h i b i t e d  by th e  
r i g h t  e x t e n s o r  in  F i g .  7 i s  commonly se en  f o l lo w in g  changes  
i n  head  p o s i t i o n .  The a s s o c i a t i o n  w i th  dynamic p o s i t i o n a l  
c h a n g e s ,  coming a t  t h e  s t a r t  or f i n i s h  of  a head t i l t ,  
s u g g e s t s  t h a t  t h e s e  p h a s i c  l i k e  r e s p o n s e s  r e s u l t  from th e  
s t i m u l a t i o n  of  s e m i c i r c u l a r  c ana l  a f f e r e n t s  or from o t o l i t h  
u n i t s  s e n s i t i v e  to  v e l o c i t y ,  a l th o u g h  i t  i s  a l s o  p o s s i b l e  
t h a t  t h e  r e s p o n s e s  r e f l e c t  i n t r i n s i c  p r o p e r t i e s  of  t h e  
m otor  u n i t s  sampled from.
The t o n i c  r e f l e x e s  d e s c r i b e d  by L indsay  (1975) show 
asymmetry  i n  t h e i r  o r g a n i s a t i o n .  Such asymmetry i s  e v i d e n t  
f rom  F i g .  7 a .  In  t h i s  f i g u r e  i t  shou ld  be n o te d  t h a t  t h e  
h e ad  t i l t  does  n o t  r e t u r n  t o  th e  normal p o s i t i o n  b u t  
t e r m i n a t e s  w i th  a movement to  th e  30 d e g r e e s  r i g h t  
p o s i t i o n .  Thus t h i s  f i g u r e  i l l u s t r a t e s  t h e  EMG o f  r i g h t  and 
l e f t  e x t e n s o r s  a t  t h r e e  head p o s i t i o n s ,  t h e s e  a r e :  (1) 
n o r m a l ,  (2) 30 d e g r e e s  l e f t  and (3) 30 d e g r e e s  r i g h t .  
D i f f e r e n t  m agn i tudes  o f  muscle  a c t i v i t y  a r e  a s s o c i a t e d  w i t h  
e ac h  o f  t h e s e  t h r e e  p o s i t i o n s .  The r i g h t  e x t e n s o r  showing 
l e a s t  a c t i v i t y  a t  t h e  30 d e g re e s  l e f t  p o s i t i o n ,  
i n t e r m e d i a t e  a c t i v i t y  a t  th e  normal p o s i t i o n  and g r e a t e s t  
a c t i v i t y  a t  t h e  30 d e g re e s  r i g h t  p o s i t i o n .  The b e h a v io u r  of
t h e  l e f t  e x t e n s o r  i s  r e c i p r o c a l  to  t h i s .
F i g s .  6 and 7 i l l u s t r a t e  th e  d rop p in g  i n  and o u t  of  
motor  u n i t s  f o l lo w in g  head t i l t s .  I n c r e a s e s  i n  m u sc u la r  
a c t i v i t y  can from t h e s e  f i g u r e s ,  and from ones to  f o l l o w .
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be s u g g e s t e d  t o  r e s u l t  from bo th  i n c r e a s e s  i n  t h e  f i r i n g  
r a t e  o f  a l r e a d y  a c t i v e  u n i t s  and from t h e  r e c r u i t m e n t  of 
p r e v i o u s l y  s i l e n t  u n i t s .  S i m i l a r l y ,  r e d u c t i o n s  i n  a c t i v i t y ,  
s e e n  i n  e x t e n s o r s  when t h e  head i s  t i l t e d  away from th e  
r e c o r d i n g  s i t e ,  r e s u l t  from a drop i n  f i r i n g  f r e q u e n c y  of 
some u n i t s  and t h e  s i l e n c i n g  of  o t h e r s .  A good example  of 
t h i s  t y p e  of  b e h a v io u r  i s  g iven  i n  F ig .  8 . In  t h i s  f i g u r e  
d e c r e a s e s  i n  t h e  EMG's of  t h e  r i g h t  and l e f t  e x t e n s o r s  a r e  
shown f o l l o w i n g  head t i l t s  to  th e  l e f t  and r i g h t ,  
r e s p e c t i v e l y .  The b e h av io u r  of t h e  r i g h t  t r i c e p s  (F ig .  8a) 
i l l u s t r a t e s  t h e s e  f e a t u r e s  most c l e a r l y .  With t h e  head 
t i l t e d  t o  t h e  l e f t  t h e r e  i s  an obv ious  d e c r e a s e  i n  t h e  r a t e  
o f  t h e  l a r g e  s p ik e  shown, t h i s  u n i t  e v e n t u a l l y  s i l e n c i n g  
c o m p l e t e l y .  A d d i t i o n a l l y ,  t h e  sm a l l e r  u n i t s ,  which remain  
a c t i v e  t h r o u g h o u t  t h e  head t i l t ,  show only  a  r e d u c t i o n  in  
f i r i n g  f r e q u e n c y .  On r e t u r n i n g  th e  head toward  t h e  normal 
p o s i t i o n ,  t h e  s m a l l e r  u n i t s  a g a in  show an i n c r e a s e d  r a t e ,  
w h i l e  t h e  l a r g e r  u n i t  i s  r e c r u i t e d  a l i t t l e  l a t e r .  I t  i s  
p e r h a p s  i n t e r e s t i n g  to  n o te  t h a t  of t h e s e  u n i t s  show 
d i s t i n c t l y  d i f f e r e n t  l a t e n c i e s  a r e  obse rved  i n  re s p o n se  to  
t h e  head  t i l t  back t o  normal.  The s m a l l e r  u n i t s  show a much 
more r a p i d  re sp o n se  th an  th e  p r e v i o u s ly  s i l e n t  l a r g e r  u n i t .  
The r e s p o n s e  of  th e  l a r g e r  u n i t  l a g g in g  t h o s e  of  th e  
s m a l l e r  u n i t s  by a lm ost  1 .5  seconds .  T h is  v a r i a b i l i t y  in  
l a t e n c i e s  between th e s e  u n i t s  i l l u s t r a t e s  a problem 
a s s o c i a t e d  w i t h  t r y i n g  to  measure r e f l e x  l a t e n c i e s  by EMG 
r e c o r d i n g s .  In t h e s e  ex per im en ts  t h e  EMG samples a 
r e l a t i v e l y  sm a l l  p r o p o r t i o n  of  th e  muscle  f i b r e s  t h a t  a r e  ! 















F i g u r e  8 .  L a b y r in th  r e f l e x e s  in  th e  r i g h t  t r i c e p s ,  (a) EMG 
r e c o r d i n g  from r i g h t  t r i c e p s  on head r o t a t i o n  to  t h e  l e f t ,
(b) EMG r e c o r d i n g  from th e  l e f t  t r i c e p s  on head r o t a t i o n  
t o  t h e  r i g h t .  Note t h a t  EMG a c t i v i t y  i s  reduced  i n  bo th  
(a) & (b) d e s p i t e  o p p o s i t e  d i r e c t i o n s  o f  t i l t :
( d e c e r e b r a t e  c a t ,  i n t a c t  l a b y r i n t h s .  Cl & C2 c u t ,  a x i s  
v e r t e b r a  clamped) .
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c o n s e q u e n c e  i t  i s  im p o s s ib l e  (with t h e  t e c n i q u e s  employed) 
t o  know w h e th e r  t h e  response  of a s i n g l e  u n i t  i s  t h e  
e a r l i e s t  s i g n  of  r e f l e x  a c t i v i t y  in  t h a t  m usc le .  What i s  
a p p a r e n t  from t h i s  type  of  r e c o r d i n g ,  i s  t h a t  t h e  r e f l e x  
a c t i o n s  o n to  d i f f e r e n t  motor u n i t s  i n  one m usc le ,  a l t h o u g h  
a c t i n g  i n  t h e  same d i r e c t i o n ,  a r e  n o t  e q u a l  in  e f f i c a c y .
F i g ,  8b a l s o  i l l u s t r a t e s  t h e  b e h a v io u r  of  an 
e x t e n s o r  m usc le  to  a head t i l t  t h a t  s i l e n c e s  an a c t i v e  
m otor  u n i t .  In t h i s  i n s t a n c e ,  t h e  EMG i s  from th e  l e f t  
t r i c e p s  and t h e  head r o t a t i o n  i s  toward  t h e  r i g h t .  Taken 
a lo n g  w i t h  F i g .  8a th e  two r e sp o n se s  from o p p o s i t e  l im b s  
p r o v i d e  a n o t h e r  example of  th e  r e c i p r o c a l  i n t e r l i m b  
r e l a t i o n s h i p  between e x t e n s o r s  d u r in g  l a t e r a l  head t i l t s .
The f i g u r e  d e m o n s t r a t e s  r e d u c t io n s  i n  a c t i v i t y  in  b o th  th e  
r i g h t  ( F ig .  8a) and l e f t  (F ig .  8b) t r i c e p s  m u sc le s .  The 
r e d u c t i o n s  occu r  f o l lo w in g  head t i l t s  t h a t  a r e  i n  o p p o s i t e  
d i r e c t i o n s .  T h is  f i g u r e  d e m o n s t ra te s  r e d u c t i o n s  i n  e x t e n s o r  
EMG, accompanying s i d e - u p  head t i l t s .
The b e h a v io u r  of e x te n s o r  m usc les  to  changes  i n  
head  p o s i t i o n  i s  dependant  to  some e x t e n t  on th e  t o n i c  or 
r e s t i n g  background  a c t i v i t y  seen  in  t h e  r e c o r d i n g .  For 
b i d i r e c t i o n a l  r e f l e x e s  to  be obse rved  i t  i s  e s s e n t i a l  t h a t  
s i g n i f i c a n t  a c t i v i t y  i s  p r e s e n t  a t  r e s t .  Muscles showing no 
EMG a c t i v i t y  can on ly  show u n i d i r e c t i o n a l  r e f l e x e s  ( i . e . ,  
i n c r e a s e d  a c t i v i t y  on s ide-down t i l t s ) , w h i le  m usc les  which 
a r e  c l o s e  to  maximal a c t i v i t y  can only  show r e d u c t i o n s  in  
a c t i v i t y  on s i d e - u p  t i l t s ,  w i th  s ide-down t i l t s  h av ing  
l i t t l e  e f f e c t ,  s i n c e  th e  r ec o rded  motor u n i t s  a r e  n e a r  to  
maximal a c t i v i t y .  These v a r i a t i o n s  in  behav io u r  w i l l  be
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d i s c u s s e d  i n  a f o l lo w in g  s e c t i o n .  The e x t e n s o r  group of  
f o r e l i m b  m u s c le s ,  under a p p r o p r i a t e  c o n d i t i o n s  show 
a sy m m e tr ic  r e f l e x e s  on t i l t i n g  t h e  head ,  t h e s e  r e f l e x e s  
b e i n g  o r g a n i s e d  r e c i p r o c a l l y  between l im b s .
F l e x o r  b e h a v io u r  d u r i ng n a t u r a l  labyrinth 
s t i m u l a t i o n .
The p r e v i o u s  s e c t i o n  c o n s id e r e d  th e  b e h a v io u r  o f  
f o r e l i m b  e x t e n s o r  m usc les  to  n a t u r a l  l a b y r i n t h i n e  
s t i m u l a t i o n ,  and has  drawn on p r e v i o u s  s t u d i e s  to  
i l l u s t r a t e  agreement  between r e s u l t s .  In  t h i s  s e c t i o n  t h e  
r e f l e x  r e a c t i o n s  o f  fo r e l im b  f l e x o r s  to  r o t a t i o n s  of  t h e  
h ead  w i l l  be p r e s e n t e d .  The beh av io u r  of  f l e x o r s  (b ic e p s  
and b r a c h i a l i s )  from bo th  r i g h t  and l e f t  f o r e l i m b s  d u r in g  
p o s i t i o n a l  changes  o f  t h e  head w i l l  be d e s c r i b e d  and 
compared w i t h  r e f l e x e s  obse rv ed  i n  f o r e l im b  e x t e n s o r s .
L a b y r i n th  r e f l e x e s  were e l i c i t e d  by th e  same 
p r o c e d u r e s  as  o u t l i n e d  e a r l i e r  and were c a r r i e d  ou t  f r e e  
from neck r e f l e x  c o n ta m in a t io n  f o l l o w in g  d e n e r v a t i o n  o f  Cl 
and C2.
When r e c o r d i n g  from th e  l e f t  f o r e l im b  w i th  EMG 
e l e c t r o d e s  p l a c e d  w i t h i n  e i t h e r  b i c e p s  or  b r a c h i a l i s  a 
c o r r e l a t i o n  between m uscular  a c t i v i t y  and head p o s i t i o n  can 
be r e c o g n i z e d .  F ig .  9 (a and b) i l l u s t r a t e s  t h e  r e s p o n se  
from th e  l e f t  b i c e p s  b r a c h i i  (9a) and l e f t  b r a c h i a l i s  (9b) 
t o  a l t e r a t i o n s  in  head p o s i t io n , .  With t h e  head h e ld  i n  t h e  
normal  p o s i t i o n  t h e r e  i s  l i t t l e  spon tan eo u s  EMG a c t i v i t y  










F i g u r e  9 .  L a b y r in th  r e f l e x e s  i n  a f l e x o r  o f  t h e  l e f t  
f o r e l i m b .  (a) EMG re c o rd in g  from th e  l e f t  b i c e p s  b r a c h i i  
on r o t a t i o n  o f  th e  head, (b) EMG r e c o r d i n g  from t h e  l e f t  
b r a c h i a l  i s  on r o t a t i o n  o f  th e  head ( lower t r a c e  i n  each  
example)  : ( d e c e r e b r a t e  c a t ,  i n t a c t  l a b y r i n t h s .  Cl & C2 
c u t ,  a x i s  v e r t e b r a  clamped) .
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from t h e  normal p o s i t i o n  toward t h e  r i g h t  t h e r e  i s  a c l e a r  
change  i n  a c t i v i t y  l e v e l s .  In F ig .  9a two c o n s e c u t iv e  head 
r o t a t i o n s  t o  t h e  r i g h t  a r e  d e p i c t e d .  The response  of  th e  
m u sc le  i s  a lm o s t  i d e n t i c a l  in  bo th  i n s t a n c e s .  F o l low ing  th e  
head  t i l t  (20 d e g re e s  to  the  r i g h t )  t h e r e  i s  a l a r g e  p h a s i c  
b u r s t  of  EMG a c t i v i t y  fo l low ed  by a p e r i o d  of  s u s t a i n e d  
a c t i v i t y  l a s t i n g ,  a p p a r e n t l y  w i th o u t  d i m i n i s h i n g ,  u n t i l  t h e  
head  i s  r e t u r n e d  to  th e  normal p o s i t i o n .  On r e t u r n i n g  to  
t h e  norm al  p o s i t i o n ,  t h e  EMG i s  a g a i n  s i l e n c e d .  The EMG 
rem a in s  s i l e n c e d  u n t i l  th e  head t i l t  i s  r e p e a t e d .  Like th e  
r e s p o n s e s  shown by e x te n s o r  musc les  t h i s  f i g u r e  
d e m o n s t r a t e s  t h a t  head t i l t s  can p roduce  s u s t a i n e d  f l e x o r  
r e f l e x e s  t h a t  c o r r e l a t e  w e l l  w i th  head p o s i t i o n .  The f l e x o r  
r e s p o n s e  (F ig .  9a) shows a p h a s i c  b u r s t ,  which i s  
a s s o c i a t e d  w i t h  th e  p e r i o d  of  head movement, and an 
i n c r e a s e d  l e v e l  of m a in ta in e d  EMG which i s  dependant  on th e  
s t a t i c  head  p o s i t i o n .  S im i la r  b e h av io u r  from th e  l e f t  
b r a c h i a l i s  i s  shown from a d i f f e r e n t  p r e p a r a t i o n  in  F i g .
9b.  In  t h i s  i n s t a n c e  th e  response  i s  n o t  as s t r o n g  as  th o s e  
i l l u s t r a t e d  i n  F ig .  9a bu t  s e rv e s  t o  d e p i c t  th e  p h a s i c  and 
s u b s e q u e n t  t o n i c  d i s c h a r g e  rec o rd ed  from th e  l e f t  
b r a c h i a l i s  on a head t i l t  to  th e  r i g h t .  The a c t i v i t y  of  an 
i n d i v i d u a l  u n i t  can be seen to  p e r s i s t  f o r  t h e  d u r a t i o n  of
t h e  head  t i l t .
With head movements toward t h e  r i g h t  of th e  an im al  
t h e  l e f t  f l e x o r  shows an in c r e a s e  in  motor u n i t  a c t i v i t y ,  
moving t h e  head in  th e  o p p o s i t e  d i r e c t i o n  r e s u l t s  in  a
r e d u c t i o n  i n  th e  o u tp u t  of the  m usc le .
The resp on se  of th e  r i g h t  f l e x o r  muscles  a r e
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o r g a n i s e d  r e c i p r o c a l l y  to  t h e  beh av io u r  o f  t h e  l e f t  
f l e x o r s .  F i g .  10 p r o v i d e s  a d e m o n s t r a t io n  of  t h i s  
r e c i p r o c a l  r e l a t i o n s h i p  between t h e  l a b y r i n t h  r e f l e x e s  i n  
f l e x o r s  from o p p o s i t e  f o r e l i m b s .  In F ig .  10a ,  a head t i l t
f rom 30 d e g r e e s  r i g h t  to  30 d e g re e s  l e f t  (bottom t r a c e )  i s
shown a lo n g  w i t h  t h e  r esponse  of l e f t  and r i g h t  b i c e p s  
b r a c h i i i  ( t o p  and m idd le  t r a c e s  r e s p e c t i v e l y ) . P r i o r  to  t h e  
head  t i l t  t h e  EMG from th e  l e f t  b i c e p s  shows d i s t i n c t  s i g n s  
o f  a c t i v i t y  w h i l e  t h a t  of th e  r i g h t  b i c e p s  i s  s i l e n t .  
Im m e d ia te ly  f o l lo w in g  th e  change i n  p o s i t i o n  a l t e r a t i o n s  in  
EMG a c t i v i t y  i n  bo th  muscles  can be se en .  In t h e  l e f t  
b i c e p s  t h e  a c t i v i t y  l e v e l  i s  s u b s t a n t i a l l y  reduced  w h i l e  
t h e  p r e v i o u s l y  s i l e n t  EMG of the  r i g h t  f l e x o r  shows 
c o n s i d e r a b l e  a c t i v i t y .  A head t i l t  of  th e  o p p o s i t e  se nse  i s  
shown i n  F i g .  10b.  In  t h i s  f i g u r e  th e  r e s p o n se s  of  t h e  l e f t  
and r i g h t  b i c e p s  a r e  a g a in  r e p r e s e n t e d  by top  and m idd le  
t r a c e s ,  r e s p e c t i v e l y .  The head t i l t  i l l u s t r a t e d  i n  F i g .  10b
i s  from a p o s i t i o n  of  a p p ro x im a te ly  20 d e g re e s  r i g h t  t o  20
d e g r e e s  l e f t ,  and r e s u l t s  i n  r e c i p r o c a l  a c t i v i t y  changes  
be tw een  f l e x o r s  of  o p p o s i t e  s i d e s .  In t h i s  example th e  
s i l e n t  l e f t  f l e x o r  becomes a c t i v e  and t h e  p r e v i o u s l y  a c t i v e  
r i g h t  f l e x o r  i s  s i l e n c e d  fo l lo w in g  t h e  head t i l t .  Taken 
t o g e t h e r  t h e s e  f i g u r e s  show two im p o r ta n t  a s p e c t s  of  t h e  
r e s p o n s e  of f l e x o r s  to  changes in  head p o s i t i o n .  F i r s t l y ,  
t h e  r e s p o n s e s  to  any one t i l t  about  t h e  l o n g i t u d i n a l  a x i s  
a r e  r e c i p r o c a l  between l e f t  and r i g h t  l im b s ,  and, s e c o n d l y ,  
t h e  a c t i v i t y  changes seen  in  th e  f l e x o r  m usc les  o f  th e  
o p p o s i t e  l im bs  a r e  d i r e c t i o n a l l y  s p e c i f i c .  That  i s ,  















F i g u r e  10 .  L a b y r in th  r e f l e x  i n  f l e x o r s  from o p p o s i t e  
f o r e l i m b s .  (a) & (b) EMG r e c o r d in g  from l e f t  b i c e p s  and
r i g h t  b i c e p s  (upper and middle  t r a c e s  r e s p e c t i v e l y  in  (a) 
& (b))  on r o t a t i o n  of  th e  head (lower t r a c e s ) .  Note
d i f f e r e n t  d i r e c t i o n s  of  t i l t  i n  (a) & (b) : ( d e c e r e b r a t e  
c a t ,  i n t a c t  l a b y r i n t h s ,  Cl & C2 c u t ,  a x i s  v e r t e b r a
clamped) .
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f l e x o r  when t h e  head i s  t i l t e d  to  th e  l e f t  (see  F i g .  10a 
m id d le  t r a c e ) ,  whereas  t i l t s  toward th e  r i g h t  r e s u l t  i n  a 
s u p p r e s s i o n  o f  EMG a c t i v i t y  (see F ig .  10b m idd le  t r a c e ) .  
W hile  t h e  i n v e r s e  of  t h i s  behaviour  p a t t e r n  i s  o b se rv e d  in  
t h e  r e f l e x e s  of  t h e  l e f t  f l e x o r ,  t h a t  i s ,  i n c r e a s e d  f l e x o r  
a c t i v i t y  o c c u r s  w i th  r o t a t i o n s  away from th e  l imb ( i e .  
to w a rd  t h e  r i g h t ,  see  F ig .  10b to p  t r a c e )  and d e c r e a s e d  
a c t i v i t y  when t h e  head i s  r o t a t e d  toward th e  re c o rd e d  l imb 
( i n  t h i s  c a se  a r o t a t i o n  of th e  head t o  th e  l e f t ,  s e e  F ig .  
10a t o p  t r a c e ) .
A f u r t h e r  example of the  d i r e c t i o n a l  dépendance  in  
t h e  l a b y r i n t h  r e f l e x  i s  shown by th e  r e c t i f i e d  and 
i n t e g r a t e d  EMG's i l l u s t r a t e d  in  F ig .  11a, f o r  th e  l e f t  
b i c e p s  and F i g .  11b, fo r  th e  r i g h t  b i c e p s .  In  bo th  examples 
o f  r e f l e x  b e h a v io u r  t o n i c  a c t i v i t y  changes can be o b se rv e d  
f o l l o w i n g  head  t i l t s .  In F ig .  11a and F ig .  l i b  head 
movements a r e  in  t h e  o p p o s i t e  d i r e c t i o n .  That t h e  r e s p o n e s  
t o  head  t i l t  i n  t h e  two f l e x o r  muscles  i l l u s t r a t e d  a r e  
t o n i c  i n  n a t u r e  can be seen by th e  m a in ta in e d  i n c r e a s e  in  
EMG a c t i v i t y  t h a t  accompanies th e  head t i l t .  Once 
s t a b i l i z e d  t h e s e  s u s t a i n e d  re sp o n se s  p e r s i s t  f o r  t h e  
d u r a t i o n  of  t h e  p o s i t i o n a l  change (app ro x im a te ly  30
se co n d s )  .
In  t h e s e  examples of  i n t e g r a t e d  f l e x o r  EMG t h e  
r e s p o n s e s  conform to  th e  same p a t t e r n  of  r e f l e x e s  as 
i l l u s t r a t e d  i n  t h e  examples of t h e  raw d a t a .  The a d v an tag e  
of  d i s p l a y i n g  th e  i n t e g r a t e d  a c t i v i t y  i s  t h a t  i t  i s  much 
e a s i e r  to  see  how th e  motor u n i t s  sampled a r e  behav in g  ove r  
a lo n g  p e r i o d  of  t im e .  In F ig .  U b  f o r  example, d u r i n g  t h e
(a)
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F i g u r e  11 .  L a b y r in th  and | n e c >  r e f l e x  i n  l e f t  and r i g h t  
b i c e p s .  R e c t i f i e d  and i n t e ^ f a t a t e d  EMG from t h e  l e f t  
b i c e p s  (a) and r i g h t  b ic e p s  (b) on r o t a t i o n  of t h e  head to  
t h e  r i g h t  i n  (a) and to  th e  l e f t  in  (b ) , head p o s i t i o n  i s  
shown by t h e  lower t r a c e s ;  ( d e c e r e b r a t e  c a t ,  i n t a c t  
l a b y r i n t h s .  Cl & C2 c u t ,  a x i s  v e r t e b r a  clamped) .
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i n i t i a l  movement t o  th e  l e f t ,  t h e  i n t e g r a t e d  EMG shows a 
s t e a d y  i n c r e a s e  i n  a c t i v i t y  which peaks  s h o r t l y  a f t e r  t h e  
movement e n d s .  During th e  s t a t i c  p o r t i o n  of t h e  t i l t  t h e  
EMG d e c r e a s e s  s l i g h t l y  from t h i s  peak to  a l e v e l  ( s t i l l  
g r e a t e r  t h a n  t h a t  a t  r e s t )  which does n o t  a l t e r  u n t i l  t h e  
end o f  t h e  s t a t i c  p e r i o d .  Whereupon t h e  amount of EMG 
a c t i v i t y  f a l l s  toward p r e - t i l t  l e v e l s .  By c o n s i d e r i n g  t h e  
shape  of  t h e  re sp o n se  to  th e  p o s i t i o n a l  change th e  peak 
s e e n  i n i t i a l l y  and th e  subsequent  f a l l  i n  a c t i v i t y  from 
t h i s  maximum would seem to  sugges t  t h a t ,  i n  t h i s  example a t  
l e a s t ,  t h e  sys tem shows g r e a t e r  dynamic th an  s t a t i c  
s e n s i t i v i t y .  T h is  behav iour  (see a l s o  F ig .  11a) may be th e  
r e s u l t  o f  t h e  dynamics of th e  l a b y r i n t h i n e  r e c e p t o r s  or  may 
r e f l e c t  p r o p e r t i e s  of  th e  motor u n i t s  th em se lv e s  or  even 
t h o s e  o f  t h e  motoneurones and t h e i r  s y n a p t i c  i n p u t .
However t h e  t o n i c  re sp o nses  shown a r e  a s s o c i a t e d  
w i t h  t h e  p o s i t i o n  o f  th e  head and, as  s t a t e d  above,  p r o v i d e  
c l e a r  e v id e n c e  of s u s t a i n e d  r e f l e x e s  i n  f o r e l im b  f l e x o r
m u s c le s  fo lo w in g  head r o t a t i o n s .
L a b y r i n th  r e f l e x e s  i n  th e  above f i g u r e s  have m ain ly  
been  r e c o r d e d  from b ic e p s  b r a c h i i .  These r e f l e x e s  a r e  
s i m i l a r  i n  b eh av io u r  to  r e f l e x e s  r e c o rd e d  under s i m i l a r  
c i r c u m s t a n c e s  in  b r a c h i a l i s  (a s y n e r g i s t  to  b i c e p s ) . The 
n e x t  g rou p  o f  P i g s .  (12 ,13 ,14)  s e r v e  a lo n g  w i th  F ig .  9b t o  
i l l u s t r a t e  t h a t  b r a c h i a l i s  responds i n  a s i m i l a r  way t o
head  t i l t s  as  b i c e p s .
In  F i g s .  12,13 and 14 th e  resp on se  of  t h e  l e f t
b r a c h i a l i s  i s  shown fo r  head r o t a t i o n s  to  th e  r i g h t .  The 
t h r e e  f i g u r e s  a r e  a l l  from th e  same p r e p a r a t i o n  and s e r v e
400>jV





F i g u r e  1 2 .  L a b y r i n th  r e f l e x  i n  a f l e x o r  o f  t h e  l e f t  
f o r e l i m b .  EMG r e c o rd e d  from t h e  l e f t  b r a c h i a l i s  on 
r o t a t i o n  o f  t h e  head ;  ( d e c e r e b r a t e  c a t ,  i n t a c t  l a b y r i n t h s .  
Cl & 02 c u t ,  a x i s  v e r t e b r a  clamped) .
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F i g u r e  13 .  L a b y r in th  r e f l e x  i n  a f l e x o r  o f  t h e  l e f t  
f o r e l i m b .  EMG re c o rd e d  from t h e  l e f t  b r a c h i a l i s  on 
r o t a t i o n  o f  t h e  head:  ( d e c e r e b r a t e  c a t ,  i n t a c t  l a b y r i n t h s .  
Cl & C2 c u t ,  a x i s  v e r t e b r a  clamped) .
r  :




F i g u r e  1 4 .  L a b y r in th  r e f l e x  i n  a f l e x o r  o f  t h e  l e f t  
f o r e l i m b .  EMG r e c o rd e d  from t h e  l e f t  b r a c h i a l i s  on 
r o t a t i o n  o f  t h e  head :  ( d e c e r e b r a t e  c a t ,  i n t a c t  l a b y r i n t h s .  
C l  & C2 c u t ,  a x i s  v e r t e b r a  clamped) .
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t o  i l l u s t r a t e  no t  only  s i m i l a r i t i e s  i n  r e sp o n se  to  b i c e p s ,  
b u t  a l s o  t o  d e m o n s t r a te  t h a t  th e s e  r e f l e x e s  can show 
c o n s i d e r a b l e  v a r i a t i o n  in  form d u r in g  t h e  c o u rs e  of  an 
e x p e r i m e n t .  D e s p i t e  th e  v a r i a b i l i t y  i n  t h e  form of  t h e s e  
r e f l e x e s ,  i n  a l l  t h r e e  examples t h e  head t i l t  t o  t h e  r i g h t  
p r o d u c e s  s i g n s  of  i n c r e a s e d  f l e x o r  a c t i v i t y .  A l though 
v a r i a b l e  i n  shape and s i z e  th e  d i r e c t i o n  of  t h e  r e f l e x  
r e s p o n s e s  t o  head t i l t  i s  c o n s i s t e n t .  In  each o f  th e  
f i g u r e s  a p rom in en t  p h a s i c  resp on se  i n  t h e  EMG can be 
i d e n t i f i e d  f o l l o w i n g  th e  head t i l t ,  and a l t h o u g h  t h i s  
v a r i e s  i n  s i z e ,  i t  does no t  show th e  same v a r i a b i l i t y  as  i s  
e v i d e n t  f o r  t h e  t o n i c  component. Indeed  i n  F i g .  12 t h e r e  i s  
no s i g n i f i c a n t  t o n i c  d i s c h a r g e  of motor u n i t s  f o l l o w in g  th e  
head  t i l t .  Tonic  a c t i v i t y  i s  however e v i d e n t  i n  t h e  
r e s p o n s e s  shown in  F i g s .  13 and 14. In  F ig .  13 t h e  p h a s i c  
component o f  t h e  re sp on se  has su b s id e d  p r i o r  to  t h e  o n s e t  
o f  a t o n i c  r e s p o n s e ,  t h i s  occu rs  a lm o s t  t h r e e  seconds  a f t e r  
t h e  i n i t i a l  p o s i t i o n a l  change. The EMG on r e t u r n i n g  t o  t h e  
norm al  p o s i t i o n  i s  immedia te ly  s i l e n c e d .  While i n  F i g .  14 
no e q u i v a l e n t  d e la y  in  th e  t o n i c  r e s p o n se  of t h e  muscle  i s  
o b s e r v e d .  The t o n i c  r esponse  to  t h e  p o s i t i o n a l  change 
f u s i n g  w i th  t h e  p h a s i c  EMG component. The EMG s i l e n c i n g  on 
r e t u r n i n g  t h e  head to  th e  normal p o s i t i o n .  Such v a r i a b i l i t y  
i n  t h e  b e h a v io u r  of  an i n d i v i d u a l  musc le  d u r in g  t h e  c ou rse  
o f  an e x p e r im e n t  i s  commonly e n c o u n te re d ,  and i n  many c a s e s  
a r e s p o n s e  may be a b s e n t  a l t o g e t h e r  f o l lo w in g  a head 
r o t a t i o n .  However when p r e s e n t  t h e  p a t t e r n  of  a c t i v i t y  in  
b i c e p s  and b r a c h i a l i s  i s  s i m i l a r  and i s  c h a r a c t e r i s e d  by an 
i n c r e a s e  i n  t h e  motor o u tp u t  d u r in g  head  r o t a t i o n s  away
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f rom t h e  r e c o r d i n g  s i d e  and d e c r e a s e s  w i th  r o t a t i o n s  toward  
t h e  r e c o r d i n g .
3 , 1 , 4  The r e l a t i o n s h i p  between l ab y r i n t h  r e f l e x e s  rec o rd e d  
Jrll. X o f .glJtTnb e% te n sp r s  and th o s e  from t h e  f l e x o r  m u sc le s .
How th e n  does t h e  a c t i v i t y  of t h e  f l e x o r s  d e s c r i b e d  
above  ( s e c t i o n  3 . 1 .3 )  compare to  t h e  r e f l e x  b e h a v io u r  of 
e x t e n s o r  m usc le s  d u r in g  n a t u r a l  l a b y r i n t h i n e  s t i m u l a t i o n .
F a c i l i t a t i o n  of  a fo r e l im b  e x t e n s o r  o c c u r s  when t h e  
h ead  i s  r o t a t e d  toward t h e  re c o rd e d  m usc le  ( i e .  a s ide-down 
t i l t )  w h i l e  a s u p p r e s s io n  of  m uscula r  a c t i v i t y  o c c u r s  w i th  
r o t a t i o n s  d i r e c t e d  away from th e  r e c o r d i n g  s i t e  ( i e  s i d e - u p  
t i l t s )  . The b e h av io u r  of f o r e l im b  f l e x o r  m usc les  to  
p o s i t i o n a l  changes  of  th e  head r e f l e c t  t h e  o p p o s i t e  
b e h a v i o u r .  T h is  r e c i p r o c a l  r e l a t i o n s h i p  between a n t a g o n i s t  
m u sc le s  o f  t h e  f o r e l im b  i s  i l l u s t r a t e d  i n  F i g .  15 .
In  F i g .  15 a and b th e  r e f l e x  r e s p o n s e s  of  bo th  
t r i c e p s  and b i c e p s  a re  shown f o r  l e f t  (F ig .  15a) and r i g h t  
( F ig .  15b) f o r e l i m b s  fo l lo w in g  an a p p ro x im a te ly  30 d e g r e e s  
head  r o t a t i o n  toward  th e  r i g h t .  F ig .  15a shows t h a t  t h e  EMG 
a c t i v i t y  in  t h e  l e f t  t r i c e p s ( F i g .  15a upper t r a c e )  
d e c r e a s e s  w h i l e  t h a t  i n  t h e  l e f t  b i c e p s  (F ig .  15a m idd le  
t r a c e )  i n c r e a s e s  f o l lo w in g  a head r o t a t i o n  t o  th e  r i g h t .
The r e s p o n s e s  from th e  same m usc les  i n  t h e  r i g h t  l im b ,  f o r  
t h e  same d i r e c t i o n  of head r o t a t i o n  a r e  shown i n  F ig .  15b, 
and a r e  seen  to  be in  t h e  o p p o s i t e  d i r e c t i o n  to  th o s e  
o c c u r i n g  i n  t h e  l e f t  l im b .  For example, t h e  EMG in  t h e  l e f t  
b i c e p s  i n c r e a s e s  (F ig .  15a,  m iddle  t r a c e ) ,  w h i l e  t h a t  in
A. Responses from left limb
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F i g u r e  15 .  P a t t e r n  of  l a b y r i n t h  r e f l e x e s  in  e x t e n s o r  and 
f l e x o r  o f  bo th  f o r e l i m b s .  EMG from t r i c e p s  (upper t r a c e )  
and b i c e p s  (m iddle  t r a c e )  from l e f t  f o r e l im b  (A) and r i g h t  
f o r e l i m b  (B) on head r o t a t i o n  to  th e  r i g h t  ( lower t r a c e s  
i n  (A) & (B)) :  ( d e c e r e b r a t e  c a t ,  i n t a c t  l a b y r i n t h s .  Cl &
C2 c u t ,  a x i s  v e r t e b r a  c lamped) .
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t h e  r i g h t  b i c e p s  (F ig .  15b, middle  t r a c e )  d e c r e a s e s  
f o l l o w i n g  a r o t a t i o n  of th e  head toward  t h e  r i g h t .
T h e r e f o r e ,  w i t h i n  t h e  same limb t h e  l a b y r i n t h  r e f l e x  i s  
o r g a n i z e d  r e c i p r o c a l l y  between t r i c e p s  and b i c e p s  (F ig .  15 
a and b ) , whereas  i n  t h e  r i g h t  and l e f t  f o r e l i m b s  t h e  
l a b y r i n t h  r e f l e x  from t r i c e p s  in  one l imb and b i c e p s  i n  t h e  
o t h e r  o p e r a t e  i n  t h e  same d i r e c t i o n  ( e . g .  c f .  F i g .  15a 
m id d le  t r a c e  w i th  F i g .  15b, upper t r a c e ) . An example of  t h e  
sy n c h ro n o u s  a c t i v a t i o n  between t r i c e p s  i n  one f o r e l i m b  and 
b i c e p s  i n  t h e  o t h e r  fo re l im b  i s  g iven  i n  F ig .  16.  In t h i s  
exam ple  a head r o t a t i o n  to  th e  r i g h t  g e n e r a t e s  e x c i t a t o r y  
l a b y r i n t h  r e f l e x e s  i n  th e  r i g h t  t r i c e p s  (F ig .  16,  upper 
t r a c e )  and i n  t h e  l e f t  b i c e p s  (F ig .  16, m idd le  t r a c e ) .  The 
r e s u l t  i s  a synchronous e x t e n s i o n  of  t h e  r i g h t  l im b and 
f l e x i o n  o f  t h e  l e f t  l im b.  Thus w i th  l a t e r a l  t i l t s  f l e x o r s  
and e x t e n s o r s  from o p p o s i t e  l imbs show e i t h e r  a synchronous  
a c t i v a t i o n  or  d e p r e s s i o n ,  depending  on t h e  d i r e c t i o n  o f  th e  
head  t i l t .  As a r u l e ,  t h e r e f o r e ,  l a b y r i n t h  r e f l e x e s  p roduce  
e x t e n s i o n  i n  a l imb when t h e  head i s  t i l t e d  toward  t h a t  
l im b  and f l e x i o n  when th e  head i s  r o t a t e d  away from t h a t  
l im b .
l a b y r i n t h  r e f l e x :  s ide-down t i l t  = e x t e n s i o n
s i d e - u p  t i l t  = f l e x i o n
The p a t t e r n  of  r e f l e x  b e h av io u r  r e s u l t i n g  from head 
t i l t s  t o  t h e  r i g h t  and to  th e  l e f t  f o r  bo th  f o r e l i m b s  i s  
summarised in  t a b l e  I .  In t h i s  t a b l e  an upward p o i n t i n g  
a rrow  i n d i c a t e s  i n c r e a s e d  EMG a c t i v i t y ,  a downward p o i n t i n g






F i g u r e  16 .  L ab y r in th  r e f l e x  ' c o a c t i v a t i o n '  of  e x t e n s o r  and 
f l e x o r  from o p p o s i t e  l im bs .  EMG from r i g h t  t r i c e p s  (upper  
t r a c e )  and l e f t  b ic e p s  (middle t r a c e )  on head r o t a t i o n  to  
t h e  r i g h t  (lower t r a c e ) :  ( d e c e r e b r a t e  c a t ,  i n t a c t
l a b y r i n t h s .  Cl & C2 c u t ,  a x i s  v e r t e b r a  c lam ped) .
Normal
Right limb Left limb 
Extensor Flexor Extensor Flexor
Head rotation 
to right t i l t
Head rotation 
to left I t  t 1
T able  I .  Summary of e f f e c t s  p roduced  by
r o t a t i o n s  of  the  head on t h e  EMG a c t i v i t y  of 
elbow e x te n s o r s  and f l e x o r s  i n  c a t s  w i th
i n t a c t  l a b y r i n t h s .  The a rrow s  i n d i c a t e  
i n c r e a s e d  or d ec rea se d  a c t i v i t y .
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a r ro w  i n d i c a t e s  s u p p r e s s io n  of  EMG a c t i v i t y .  These a rrow s 
r e p r e s e n t i n g  c o n t r a c t i o n  and r e l a x a t i o n ,  r e s p e c t i v e l y .
■3-tl ,5—The p a t f e p n  of  r e f lex  b e h av io u r  o f  e x t e n s o r s  and 
Ælëxops—f o l lo w in g  n a t u r a l  s t i m u l a t i o n  o f  t h e  neck 
p r o p r i o c e p t o r s .
In  t h i s  s e c t i o n  r e f l e x e s  a c t i n g  on f o r e l i m b  m u sc le s  
f o l l o w i n g  r o t a t i o n  of  th e  neck w i l l  be d e s c r i b e d  and 
c o n t r a s t e d  w i th  t h e  r e f l e x  a c t i o n s  of  t h e  l a b y r i n t h  on 
t h e s e  m u s c le s .  Neck r e f l e x e s  were evoked i n  c a t s  w i th  
i n t a c t  l a b y r i n t h s  by f i x i n g  th e  head i n  t h e  normal p o s i t i o n  
and e i t h e r  r o t a t i n g  th e  a x i s  v e r t e b r a  to  t h e  r i g h t  or l e f t .  
In  t h e s e  p r e p a r a t i o n s  Cl and C2 d o r s a l  r o o t s  were s e c t i o n e d  
d u r i n g  t h e  s u r g i c a l  p r e p a r a t i o n  of  th e  an im a l .  The r e f l e x  
r e s p o n s e  o f  m usc les  to  t h i s  s t im u lu s  t h e r e f o r e  a r i s e s  from 
t h e  a c t i v a t i o n  of  r e c e p t o r s  below th e  C2 l e v e l .  In 
a d d i t i o n ,  neck r e f l e x e s  were a l s o  examined in  a b i l a t e r a l l y  
l a b y r i n t h e c t o m i z e d  c a t .  To produce  neck r e f l e x e s  i n  t h i s  
p r e p a r a t i o n  t h e  i n n e r v a t i o n  of  th e  neck was l e f t  i n t a c t  and 
t h e  a t l a s  v e r t e b r a  clamped.  By f i x i n g  t h i s  clamp and 
r o t a t i n g  t h e  head,  t o r s i o n  of  th e  a t l a n t o - o c c i p i t a l  and 
a t l a n t o —a x i a l  j o i n t s  o c cu rs  and t h i s  a c t s  as  t h e  s t i m u l u s  
t o  t h e  neck r e f l e x  pa thways .  The s t im u lu s  in  th e  
l a b y r i n t h l e s s  c a t  d i f f e r s  from th e  d e n e r v a te d  neck 
p r e p a r a t i o n  in  t h a t  th e  s t im u lu s  a c t s  th rough  Cl and C2, 
w h e reas  in  th e  d e n e rv a te d  p r e p a r a t i o n s  r o t a t i o n  of t h e  
a t l a s  a c t s  on r e c e p t o r s  l o c a t e d  below C2.
Recent  e x p e r im e n ta l  s t u d i e s  on neck r e f l e x e s
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( L in d s a y ,  1975; L indsay  e t  a l . ,  1976; Ezure  & W ilso n ,  1983) 
h av e  c o n f i rm ed  Magnus 's  (1926) o b s e r v a t i o n s  on t h e  a c t i o n  
o f  neck r e f l e x e s  to  e x t e n s o r s .  In t h i s  s tu d y  th e  neck 
r e f l e x  a c t i o n  on e x t e n s o r s  and f l e x o r s  o f  t h e  f o r e l i m b  were 
exam ined .
The b e h a v io u r  of f l e x o r s  and e x t e n s o r s  in  t h e  two 
t y p e s  of  p r e p a r a t i o n  used showed q u a l i t a t i v e l y  s i m i l a r  neck 
r e f l e x e s .  R o t a t i o n  of  th e  a x i s  v e r t e b r a  w i th  th e  head f i x e d  
p r o d u c e d  c l e a r  a l t e r a t i o n s  in  th e  EMG i n  b o th  t r i c e p s  and 
b i c e p s .  The d i r e c t i o n  and form of t h e  change i n  EMG 
a c t i v i t y  was i n  agreement  w ith  p r e v io u s  d e s c r i p t i o n s  of  
neck r e f l e x e s  a c t i n g  on e x te n so r  m usc les  (L indsay  e t  a l . ,  
1976;  Ezure  & W ilson ,  1983) .
3 . 1 . 6  Neck r e f l e x e s  in  fo re l im b  e x t e n s o r s .
In  t h e  r i g h t  limb r o t a t i o n  of  t h e  a x i s  v e r t e b r a  i n  
c a t s  w i th  i n t a c t  l a b y r i n t h s  (Cl and C2 c u t )  r e s u l t s  in  
i n c r e a s e d  e x t e n s o r  EMG a c t i v i t y  when t h e  r o t a t i o n  i s  
d i r e c t e d  tow ards  t h e  l e f t .  In F ig .  17 such b e h a v io u r  i s  
i l l u s t r a t e d  f o r  th e  r i g h t  t r i c e p s  f o l lo w in g  r o t a t i o n  o f  th e  
a x i s  v e r t e b r a  to  th e  l e f t  (F ig .  17a) and to  t h e  r i g h t  (F ig .  
1 7 b ) .  The i n t e g r a t e d  EMG i s  a l s o  r e p r e s e n t e d  i n  t h i s  f i g u r e  
by t h e  m idd le  t r a c e s .  In F ig .  18 a neck r e f l e x  s u p p r e s s io n  
o f  EMG a c t i v i t y  from th e  l e f t  t r i c e p s  i s  d e p i c t e d  f o l l o w i n g  
a r o t a t i o n  of  t h e  neck to  th e  l e f t .  In t h i s  f i g u r e  t h e  EMG 
becomes s i l e n c e d  d u r in g  th e  t ime th e  neck i s  h e ld  in  t h e  30 
d e g r e e s  l e f t  p o s i t i o n ,  t h e  EMG r e a p p e a r i n g  on r e t u r n i n g  t h e  













F ig u r e  17 .  Neck r e f l e x  in  t h e  t r i c e p s  o f  t h e  r i g h t  
f o r e l i m b .  EMG from r i g h t  t r i c e p s ,  w i th  r e c t i f i e d  and 
i n t e g r a t e d  re sp o n se  below on r o t a t i o n  of  th e  neck ( a x i s  
v e r t e b r a )  t o  th e  l e f t  in  (a) and to  t h e  r i g h t  in  ( b ) , neck 
p o s i t i o n  i s  i l l u s t r a t e d  by the  lower  t r a c e s :  ( d e c e r e b r a t e  
c a t ,  i n t a c t  l a b y r i n t h s .  Cl & C2 c u t ,  head f i x e d  i n  normal 




F i g u r e  18 .  Neck r e f l e x  i n  an e x t e n s o r  o f  t h e  l e f t  
f o r e l i m b .  EMG from l e f t  t r i c e p s  ( top  t r a c e )  on r o t a t i o n  o f  
t h e  neck ( a x i s  v e r t e b r a )  t o  t h e  l e f t  (bottom t r a c e ) ;  
( d e c e r e b r a t e  c a t ,  i n t a c t  l a b y r i n t h s .  Cl & C2 c u t ,  head  
f i x e d  i n  normal p o s i t i o n ) .
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18 t h e  asymmetry in  th e  o r g a n i s a t i o n  of  neck r e f l e x e s  
b e tw een  e x t e n s o r s  from o p p o s i t e  l im bs can be s e e n .  In  t h e s e  
two exam ples  t h e  neck r o t a t i o n  i s  t o  t h e  l e f t  b u t  t h e  EMG 
r e s p o n s e s  i n  each case  a re  o p p o s i t e .  A t o n i c  i n c r e a s e  in  
a c t i v i t y  o c c u r r i n g  i n  th e  r i g h t  t r i c e p s  (F ig .  17a) w h i l e  a 
t o n i c  d e c r e a s e  in  EMG from l e f t  t r i c e p s  (F ig .  18) i s  
o b s e r v e d .  The f i g u r e s  taken  t o g e t h e r  p r o v id e  an 
i l l u s t r a t i o n  of  th e  asymmetry in  t h e  b e h a v io u r  of e x t e n s o r s  
i n  one l im b to  neck r o t a t i o n s  of o p p o s i t e  d i r e c t i o n  (F ig .
17) , and of  t h e  r e c i p r o c a l  i n t e r l i m b  o r g a n i s a t i o n  of  
e x t e n s o r s  from o p p o s i t e  l imbs (F ig .  17a and 18) .
L ike  t h e  l a b y r i n t h  r e f l e x e s  d i s c u s s e d  e a r l i e r  th e  
neck r e f l e x  a l s o  e x h i b i t s  p h a s i c  components i n  t h e  EMG 
r e s p o n s e .  The p h a s i c  b u r s t s  of a c t i v i t y  a r e  commonly 
a s s o c i a t e d  w i th  th e  appearance  of l a r g e  s p i k e s  f o l lo w in g  a 
p o s i t i o n a l  change and a re  not  e v id e n t  t h ro u g h o u t  t h e  t im e  
o f  EMG sa m p l in g .  I t  i s  p o s s i b l e  t h a t  t h e s e  s p ik e s  r e p r e s e n t  
motor  u n i t s  t h a t  a r e  only r e c r u i t e d  d u r in g  th e  movement, 
t h a t  i s  d u r in g  t h e  p e r i o d  of t ime when t h e  s t im u lu s  
c o n t a i n s  p o s i t i o n a l  and v e l o c i t y  f e a t u r e s .  T h is  however 
c a n n o t  be f u l l y  t e s t e d  as y e t  due to  t h e  poor u n d e r s t a n d i n g  
o f  t h e  s i t e  of  t h e  r e c e p t o r s  in v o lv e d  i n  g e n e r a t i n g  neck 
r e f l e x  a f f e r e n c e .
3.1.7 Neck reflexes in foreljmb, fjexprs .^
R o t a t i o n  of  th e  a x i s  v e r t e b r a  w i th  th e  head f i x e d  
p r o d u c e s  a l t e r a t i o n s  in  th e  EMG of fo r e l im b  f l e x o r s  a s  w e l l  
a s  e x t e n s o r s .  An example of th e  r e f l e x  a l t e r a t i o n  o f  t h e
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EMG a c t i v i t y  in  a f l e x o r  of the  fo rea rm  i s  shown i n  F ig .
19 .  Here t h e  EMG of th e  f l e x o r  b r a c h i a l i s  i s  shown d u r in g  a 
20 d e g r e e s  r o t a t i o n  of  the  neck toward  t h e  r i g h t .  T h is  
movement r e s u l t s  i n  a s u s t a i n e d  i n c r e a s e  i n  EMG a c t i v i t y ,  
which  on r e t u r n i n g  t h e  neck to  t h e  normal p o s i t i o n  b e g in s  
t o  d i m i n i s h .  A sm a l l  p h a s i c  component can be r e c o g n i s e d  a t  
t h e  o n s e t  of  t h e  r e s p o n s e .  This  p h a s i c  o n s e t  in  t h e  
r e s p o n s e  i s  more e v id e n t  in  th e  example shown i n  F i g .  20 
which i l l u s t r a t e s  t h e  response  i n  t h e  l e f t  b i c e p s  to  a neck 
r o t a t i o n  t o  t h e  l e f t .  In t h i s  example th e  e a r l y  p a r t  of  t h e  
p o s i t i o n  s i g n a l  i s  obscured  by th e  m agni tude  of  t h e  EMG 
r e s p o n s e .  D e s p i t e  t h i s  i t  i s  c l e a r  from t h i s  f i g u r e  t h a t  
t h i s  s t r o n g  r e s p o n se  to  neck r o t a t i o n  i s  composed of  two 
com ponen ts ,  one p h a s i c  and one t o n i c .  The t o n i c  r e sp o n se  
e n d u r i n g  f o r  th e  t im e  of  th e  p o s i t i o n a l  change .  Two f u r t h e r  
exam ples  o f  t h e  EMG response  of  t h e  r i g h t  b i c e p s  a r e  shown 
i n  F i g .  21 .  Again ,  t h i s  f i g u r e  i l l u s t r a t e s  i n c r e a s e d  EMG 
a c t i v i t y  w i th  neck r o t a t i o n s  to  t h e  r i g h t .  Though in  F i g .
21b t h e  re s p o n se  i s  p redo m inan t ly  p h a s i c  i n  n a t u r e  w i th  
o n ly  minimal  t o n i c  a c t i v i t y  a p p a r e n t .
These examples o f  f l e x o r  r e f l e x  a c t i v i t y  i l l u s t r a t e  
t h e  d e g re e  of  v a r i a b i l i t y  w i th in  t h e  b e h av io u r  of  t h e s e  
m u sc le s  t o  changes  in  neck p o s i t i o n  . The r e s p o n s e s  r a n g in g  
from o n ly  a p h a s i c  component be ing  p r e s e n t  t o  r e s p o n s e s  
c o m p r i s in g  b o th  p h a s i c  and t o n i c  f e a t u r e s .  In  some 
i n s t a n c e s  d u r in g  th e  course  of an exp er im en t  neck r o t a t i o n s  
would f a i l  t o  evoke any o b s e r v a b le  s ig n s  of  r e f l e x  a c t i v i t y  
( t h i s  a l s o  b e ing  t r u e  f o r  head t i l t s  o c c a s i o n a l l y  f a i l i n g  
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F i g u r e  19 .  Neck r e f l e x  i n  a f l e x o r  of t h e  r i g h t  f o r e l i m b .  
EMG from r i g h t  b r a c h i a l i s  (upper t r a c e )  on r o t a t i o n  o f  t h e  
neck ( a x i s  v e t e b r a )  to  th e  r i g h t  (lower t r a c e ) :  
( d e c e r e b r a t e  c a t ,  i n t a c t  l a b y r i n t h s .  Cl & C2 c u t ,  head  






F i g u r e  2 0 .  Neck r e f l e x  i n  a f l e x o r  of t h e  l e f t  f o r e l i m b .  
EMG from l e f t  b i c e p s  (upper t r a c e )  on r o t a t i o n  of  t h e  neck 
( a x i s  v e r t e b r a )  t o  t h e  l e f t  (lower t r a c e ) : ( d e c e r e b r a t e  
c a t ,  i n t a c t  l a b y r i n t h s .  Cl & C2 c u t ,  head f i x e d  i n  normal 













F i g u r e  21 .  Neck r e f l e x e s  in  r i g h t  b i c e p s ,  (a) and (b) EMG 
a c t i v i t y  from r i g h t  b ic e p s  (upper t r a c e )  on neck r o t a t i o n  
( a x i s  v e r t e b r a )  t o  t h e  r i g h t  (lower t r a c e ) :  ( d e c e r e b r a t e  
c a t ,  i n t a c t  l a b y r i n t h s ,  Cl & C2 c u t ,  head f i x e d  i n  normal
p o s i t i o n ) .
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u s u a l l y  p o s s i b l e  to  r e l a t e  t h e s e  f a i l u r e s  t o  t h e  l e v e l  of 
d e c e r e b r a t e  r i g i d i t y  p r e s e n t  in  t h e  an im al  a t  t h a t  t im e  
( se e  l a t e r ) .
The f i g u r e s  d e t a i l i n g  t h e  f l e x o r  re sp o n se  t o  neck 
r o t a t i o n s  have only  shown th e  re sp o n se  to  r o t a t i o n s  t h a t  
i n c r e a s e  th e  d i s c h a r g e  of  motor u n i t s .  In  many e x p e r im e n t s  
o n ly  u n i d i r e c t i o n a l  r e f l e x e s  cou ld  be o b se rv ed  on r o t a t i o n s  
o f  t h e  neck due to  t h e  l a c k  of background d i s c h a r g e  a t  t h e  
norm al  p o s i t i o n .  The consequence of  t h i s  i s  t h a t  r o t a t i o n s  
i n  one d i r e c t i o n  e x c l u s i v e l y  a c t i v a t e d  p r e v i o u s l y  s i l e n t  
m otor  u n i t s  ( r o t a t i o n  toward th e  r e c o r d in g  s i t e )  w h i l e  
r o t a t i o n s  i n  th e  o p p o s i t e  d i r e c t i o n  had no e f f e c t  on th e  
EMG t r a c e .  In  p r e p a r a t i o n s  showing a d eg ree  of  r e s t i n g  
f l e x o r  a c t i v i t y  neck r o t a t i o n s  were o bse rved  t o  show 
b i d i r e c t i o n a l  r e s p o n s e s .  With r o t a t i o n s  toward  th e  f l e x o r  
m u sc le  under s tudy  an i n c r e a s e  i n  EMG a c t i v i t y  was o b se rv e d  
(as  h a s  been shown p r e v i o u s l y ) , w h i l e  w i th  o p p o s i t e  
r o t a t i o n s  a d e c r e a s e  i n  a c t i v i t y  i s  o b se rv e d .  An example of  
such  a d e c r e a s e  i s  shown in  F ig .  22 where th e  i n t e g r a t e d  
EMG from th e  r i g h t  b r a c h i a l i s  i s  shown d u r in g  a r o t a t i o n  of  
t h e  neck toward  th e  l e f t .  The f i g u r e  shows a r e d u c t i o n  in  
f l e x o r  a c t i v i t y  f o l lo w in g  th e  r o t a t i o n  and a su b seq uen t  
r e c o v e r y  of  a c t i v i t y  toward r e s t i n g  l e v e l s  on r e t u r n i n g  t h e  
neck t o  t h e  normal p o s i t o n .  Together  w i th  th e  p r e v io u s  
f i g u r e s  i l l u s t r a t i n g  neck r e f l e x  b eh av io u r  i n  th e  r i g h t  
f l e x o r  i t  i s  c l e a r  t h a t  r o t a t i o n s  to  t h e  r i g h t  f a c i l i t a t e  
f l e x o r  EMG w h i le  r o t a t i o n s  to  th e  l e f t  s u p p re s s  EMG 
a c t i v i t y .
As w i th  th e  o r g a n i s a t i o n  of neck r e f l e x e s  t o
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F i g u r e  2 2 .  Neck r e f l e x  i n  th e  r i g h t  b i c e p s .  R e c t i f i e d  and 
i n t e g r a t e d  EMG from r i g h t  b ic e p s  (upper t r a c e )  on neck 
r o t a t i o n  ( a x i s  v e r t e b r a )  (lower t r a c e ) :  ( d e c e r e b r a t e  c a t ,  
i n t a c t  l a b y r i n t h s .  Cl & 02 c u t ,  head f i x e d  in  normal
p o s i t i o n ) .
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e x t e n s o r s ,  t h e  r i g h t  and l e f t  f l e x o r  m usc les  show r e f l e x  
r e a c t i o n s  t h a t  a r e  opposed. Thus t h e  f l e x o r s  b i c e p s  and 
b r a c h i a l i s  on r o t a t i o n  of th e  neck to  t h e  r i g h t  show a 
r e d u c e d  EMG i n  t h e  l e f t  fo re l im b  w h i l e  in  t h e  r i g h t  l imb 
t h e s e  m u sc le s  show i n c r e a s e d  a c t i v i t y .  T h e re fo re  by 
r e c o r d i n g  from f l e x o r s  in  o p p o s i t e  l im bs  d u r in g  neck 
r o t a t i o n  a r e c i p r o c a l  r e l a t i o n s h i p  can be seen  to  o p e r a t e .  
F i g .  23 i l l u s t r a t e s  t h i s  r e c i p r o c i t y .  A c o n t in u o u s  s i d e  to  
s i d e  movement of  t h e  neck i s  shown to  modula te  th e  EMG of  
l e f t  ( to p  t r a c e )  and r i g h t  (middle t r a c e )  b i c e p s .  When th e  
neck moves toward  t h e  l e f t ,  t h e  l e f t  b i c e p s '  EMG shows 
i n c r e a s e d  a c t i v i t y  w h i le  t h a t  from th e  r i g h t  b i c e p s  i s  
d e c r e a s e d .  T h is  p a t t e r n  of a c t i v i t y  r e v e r s e s  when t h e  neck 
i s  moved i n  t h e  o p p o s i t e  d i r e c t i o n .
F i g s .  19-23 i l l u s t r a t e  t h a t  neck r e f l e x e s  a r e  
p r e s e n t  i n  f l e x o r  musc les  of  th e  f o r e l i m b s  and t h a t  th ey  
a r e  o r g a n i z e d  r e c i p r o c a l l y  between f l e x o r s  from o p p o s i t e  
l i m b s .
3 . 1 . 8  The r e l a t i o n s h i p  between neck r e f l e x e s  xecor_ded £ r ojn 
f l e x o r s  and t h o s e  rec o rd ed  from e x t e n s o r s . —A compari .s .Qn 
be tw een  c a t s  w i th  and w i t hout  l a b y r i n t h s
The p a t t e r n  of  r e f l e x  b e h av io u r  d e s c r i b e d  f o r  
f l e x o r s  d u r in g  neck r o t a t i o n  i s  o p p o s i t e  to  t h a t  d e s c r i b e d  
f o r  f o r e l i m b  e x t e n s o r s  under s i m i l a r  c o n d i t i o n s .  Thus i t  
would seem t h a t  w i t h i n  th e  same limb t h e  neck r e f l e x  i s  
r e c i p r o c a l  between f l e x o r  and e x t e n s o r .  T h is  can be seen  
from th e  EMG t r a c e s  i l l u s t r a t e d  in  F ig .  24, o b t a i n e d  from a
200|iV
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F i g u r e  23 .  Neck r e f l e x  i n  f l e x o r s  from o p p o s i t e  f o r e l i m b s .  
EMG a c t i v i t y  rec o rd ed  from th e  l e f t  b i c e p s  (upper t r a c e )  
and r i g h t  b i c e p s  (middle t r a c e )  on r o t a t i o n s  of  t h e  neck 
( a x i s  v e r t e b r a )  (lower t r a c e ) :  ( d e c e r e b r a t e  c a t ,  i n t a c t








F i g u r e  2 4 .  Neck r e f l e x  i n  e x te n so r  and f l e x o r  of t h e  r i g h t  
f o r e l i m b .  EMG a c t i v i t y  from r i g h t  t r i c e p s  (upper t r a c e )  
and r i g h t  b i c e p s  (middle t r a c e )  on r o t a t i o n  of  t h e  head 
to w ard  t h e  r i g h t  (lower t r a c e ) :  ( d e c e r e b r a t e  c a t ,
b i l a t e r a l  l a b y r i n t h e c t o m y , Cl and C2 i n t a c t ,  a x i s  v e r t e b r a  
clamped) .
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b i l a t e r a l l y  l a b y r i n th e c to m i z e d  c a t .  T h is  f i g u r e  i l l u s t r a t e s  
t h e  f u l l  p a t t e r n  of  neck r e f l e x e s  in  t h e  r i g h t  f o r e l i m b .
The t o p  and m idd le  EMG t r a c e s  r e p r e s e n t  t h e  r i g h t  t r i c e p s  
and  b i c e p s  r e s p e c t i v e l y ,  t h e  lower t r a c e ,  i n  t h i s  f i g u r e  
r e p r e s e n t i n g  head p o s i t i o n .  The f i g u r e  c l e a r l y  shows th e  
r e c i p r o c a l  n a t u r e  of neck r e f l e x e s  a c t i n g  on t r i c e p s  and 
b i c e p s  from t h e  same l imb.  The head r o t a t i o n  t o  t h e  r i g h t  
l e a d i n g  t o  a d e c r e a s e  in  EMG a c t i v i t y  in  th e  r i g h t  t r i c e p s  
and an i n c r e a s e  in  t h e  EMG a c t i v i t y  of  t h e  f l e x o r .
F u r t h e r  to  i l l u s t r a t i n g  th e  p a t t e r n  of  neck r e f l e x  
a c t i o n  on f o r e l i m b  m usc les  from one l imb F ig .  24 a l s o  
s e r v e s  t o  i l l u s t r a t e ,  by comparison w i th  F i g s .  17-23 th e  
q u a l i t a t i v e  s i m i l a r i t i e s  between neck r e f l e x e s  evoked by 
d i f f e r e n t  methods of  a c t i v a t i o n .  In F ig .  24 neck r e f l e x e s  
r e s u l t  from head r o t a t i o n  in  a l a b y r i n t h l e s s  c a t .  By 
com par ing  w i t h  r e sp o nse  shown in  F ig .  17b w i th  t h a t  of  t h e  
e x t e n s o r  i n  F i g .  24 ( top  t r a c e )  and a l s o  F ig .  21a w i th  t h e  
f l e x o r  o f  F i g .  24 (middle t r a c e )  i t  can be seen  t h a t  
d e s p i t e  d i f f e r e n t  methods of  neck r e f l e x  a c t i v a t i o n  t h e  
r e f l e x  o u t p u t  i s  t h e  same.
In  summary neck r e f l e x e s  a c t  r e c i p r o c a l l y  on 
f o r e l i m b  e x t e n s o r s  ( t r i c e p s )  and f l e x o r s  (b ice p s  and 
b r a c h i a l i s )  w i t h i n  t h e  same l im b.  T h is  r e l a t i o n s h i p  r e s u l t s  
i n  sy nch ro no u s  e x t e n s i o n  and f l e x i o n  i n  o p p o s i t e  l im bs  on 
s t i m u l a t i n g  neck r e f l e x  c e n t r e s .  F le x io n  o ccu rs  when th e  
neck i s  r o t a t e d  towards  a limb and e x te n s i o n  when th e  
r o t a t i o n  i s  d i r e c t e d  away from the  l imb in  q u e s t i o n .
Neck r e f l e x :  s ide-down t i l t  = F le x io n
page 118
s id e - u p  t i l t  = E x te n s io n
The com ple te  p a t t e r n  of neck r e f l e x e s  f o r  e x te n s o r  
and f l e x o r s  o f  b o th  r i g h t  and l e f t  f o r e l i m b s  i s  p r e s e n t e d  
i n  t a b l e  I I  f o r  r o t a t i o n s  to  th e  r i g h t  and t o  t h e  l e f t .  The
d i r e c t i o n  o f  t h e  a rrows i n d i c a t e  the  d i r e c t i o n  o f  EMG 
a c t i v i t y  change .
The a n t a g o n i s m between l a b y r i n t h  and neck r e f l e x e s .
In  t h e  p r e v io u s  s e c t i o n s  d e a l i n g  w i th  l a b y r i n t h  and 
neck r e f l e x e s  t h e  b ehav iou r  of fo re l im b  m usc les  d u r in g  
n a t u r a l  s t i m u l a t i o n  of t h e s e  r e f l e x  sys tem s has been 
o u t l i n e d .  These r e f l e x e s  a r e  a n t a g o n i s t i c  to  one a n o th e r  in  
t h a t  on moving t h e  head r e l a t i v e  to  t h e  body th e  r e s u l t a n t
l a b y r i n t h  and neck r e f l e x e s  tend  to  o p e r a t e  i n  o p p o s i t i o n
t o  each  o t h e r .  T h is  i s  t r u e  f o r  both  e x t e n s o r s  and f l e x o r s .
To i l l u s t r a t e  t h i s  o p p o s i t i o n  between th e  two 
r e f l e x  sys tem s  d u r in g  l a t e r a l  head t i l t s  a comparison 
s h o u ld  be made between F ig .  15b and F ig .  24 .  In bo th  t h e s e
f i g u r e s  a head r o t a t i o n  to  th e  r i g h t  a c t s  as t h e  n a t u r a l
s t i m u l u s .  In F ig .  15b t h i s  s t im u lu s  r e s u l t s  i n  a l a b y r i n t h  
r e f l e x  d e v e lo p in g  i n  th e  e x te n so r  and f l e x o r  of  t h e  r i g h t  
l im b ,  ( t h e  a x i s  v e r t e b r a  i s  clamped i n  t h i s  example and Cl 
and C2 have been s e c t i o n e d ) . While in  F ig .  24 an e q u i v a l e n t  
head  movement in  a l a b y r i n t h l e s s  c a t  r e s u l t s  i n  neck r e f l e x  
a c t i v i t y  in  t h e  r i g h t  e x te n s o r  and f l e x o r .  Taken t o g e t h e r  
F i g s .  15b and 24 p ro v id e  a comparison of  l a b y r i n t h  and neck 
r e f l e x e s  and c l e a r l y  i l l u s t r a t e  t h a t  w i t h i n  t h e  f o r e l i m b s
Normal
Right limb Left limb 
Extensor Flexor Extensor Flexor
Neck rotation 
to right 1 t t 1
Neck rotation 
to left t i l t
T ab le  I I .  Summary of e f f e c t s  p roduced  by 
r o t a t i o n s  of  th e  neck on th e  EMG a c t i v i t y  of 
elbow e x t e n s o r s  and f l e x o r s  in  c a t s  w i th  
i n t a c t  l a b y r i n t h s .  The _ arrows i n d i c a t e  
i n c r e a s e d  or d e c re a se d  a c t i v i t y .
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t h e s e  r e f l e x e s  a c t  in  t h e  o p p o s i t e  d i r e c t i o n  on t r i c e p s  and 
b i c e p s  f o l l o w i n g  a r o t a t i o n  of th e  head abou t  an 
a n t e r i o r - p o s t e r i o r  a x i s .  The a n t a g o n i s t i c  r e l a t i o n s h i p  
be tw een  l a b y r i n t h  and neck r e f l e x e s  i s  e v i d e n t  i n  t h e  
m u s c u l a t u r e  of  b o th  f o r e l i m b s .  T ab les  I and I I ,  which 
summarize  l a b y r i n t h  and neck r e f l e x e s  r e s p e c t i v e l y ,  a l s o  
i l l u s t r a t e  t h e  an tagonism  between t h e  two r e f l e x  sy s te m s .  
A l th o u g h  p r e v i o u s l y  dem o n s t ra te d  i n  e x te n s o r  m usc les  of  t h e  
f o r e l i m b  (L indsay  e t  a l . ,  1976) t h e  an tagonism  i s  now a l s o  
d e m o n s t r a t e d  to  be p r e s e n t  in  t h e  f l e x o r  m u s c u la tu r e .
3 . 1 . 1 0  R e f le x  v a r i a t i o n s  w i th  t h e  c o n d i t i o n  o f  t h e  
p r e p a r a t i o n .
D e c e r e b r a t e  r i g i d i t y  i s  known to  undergo 
f l u c t u a t i o n s  in  i n t e n s i t y  w i th  t ime (Bazet  and P e n f i e l d ,  
1922) . I t  i s  t h e r e f o r e  no t  s u r p r i s i n g  t h a t  l a b y r i n t h  and 
neck r e f l e x e s ,  which a c t  to  a l t e r  m u s c u la tu r e  to n e ,  a l s o  
show c o n s i d e r a b l e  v a r i a t i o n  i n  e f f i c a c y  With t im e ,  and t h a t  
t h e s e  v a r i a t i o n s  may be a f u n c t i o n  of  t h e s e  f l u c t u a t i o n s .  
D ur ing  t h e  co u rse  of an exper im ent  i t  was found t h a t  in  
a n im a l s  showing i n t e n s e  e x te n so r  r i g i d i t y  l a b y r i n t h  and 
neck r e f l e x e s  were only o b s e r v a b le  in  th e  e x t e n s o r s  o f  th e  
f o r e l i m b s ,  and t h a t  t h e s e  r e f l e x e s  were sm all  in  comparison  
t o  t h e  l e v e l  of background EMG. In t h e  most extreme c a s e s  
o f  e x t e n s o r  r i g i d i t y  no r e f l e x e s  were observed  w i th  head 
t i l t .  R ecord ing  from f l e x o r  muscles  i n  t h e s e  i n s t a n c e s  
se ldom r e v e a l e d  spon taneous  EMG a c t i v i t y ,  (perhaps  due to  
s t r o n g  r e c i p r o c a l  i n h i b i t i o n  from th e  e x t e n s o r s ) ,  and were
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n e v e r  seen  t o  show a response  to  a head or  neck movement. 
With l e s s  i n t e n s e  l e v e l s  of e x te n so r  r i g i d i t y  th e  
m o d u la t i o n  of  e x te n s o r  EMG in  terms of  s i g n a l  to  n o i s e  
r a t i o  w i th  head and neck movements became more pronounced.  
R o t a t i o n s  were seen to  su p p re ss  or f a c i l i t a t e  background 
EMG l e v e l s .  As th e  l e v e l  of r i g i d i t y  became l e s s  pronounced 
i t  was n o te d  t h a t  m odula t ion  of spo n tan eo us  or background 
f l e x o r  EMG a c t i v i t y  cou ld  be e a s i l y  o b se rv ed  i n  a d d i t i o n  to  
t h a t  o f  t h e  e x te n s o r  muscles s t u d i e d .  In  many i n s t a n c e s  
f l e x o r  a c t i v i t y  was ve ry  low b u t  d e s p i t e  t h i s  t h e  a c t i o n  of  
head  or  neck r o t a t i o n  on the  l e v e l  of EMG a c t i v i t y  co u ld  be 
a s c e r t a i n e d .
In  c a s e s  of weak e x te n s o r  a c t i v i t y  i t  was n o t i c e d  
t h a t  f l e x o r  a c t i v i t y  was e i t h e r  r a i s e d  or was i t s e l f  weak. 
When a p e r i o d  o f  r a i s e d  f l e x o r  a c t i v i t y  accompanied weak 
e x t e n s o r  EMG i t  was found t h a t  p a s s i v e  movement of a l imb 
from a f l e x e d  p o s i t i o n  to  an ex tended  p o s i t i o n  met w i th  
c o n s i d e r a b l e  r e s i s t a n c e .  Head or neck r o t a t i o n s  d u r in g  such 
c i r c u m s t a n c e s  seldom i n f lu e n c e d  a c t i v i t y  l e v e l s  in  e x t e n s o r  
m u s c l e s ,  a l t h o u g h  th e  f l e x o r s  showed c l e a r  s i g n s  of 
m o d u la ted  a c t i v i t y .  The n a tu r e  of th e  d i s t r i b u t i o n  and 
a p p e a ra n c e  of muscle  tone  du r ing  such p e r i o d s  i s  
r e m i n i s c e n t  of  p r e v io u s  d e s c r i p t i o n s  of  f l e x o r  r i g i d i t y  
( B e r i t o f f ,  1914: B aze t  and P e n f i e l d ,  1 922) .  I n t e r e s t i n g l y ,  
t h e  p r e s e n c e  of f l e x o r  r e f l e x  r e s p o n se s  to  changes i n  head 
or  neck p o s i t i o n  w i th o u t  concominant e x te n s o r  r e f l e x  
a l t e r a t i o n s  i s  i n d i c a t i v e  t h a t  the  r e s p o n se s  o bse rved  in  
f l e x o r s  a r e  th e  r e s u l t  of s p e c i f i c  l a b y r i n t h i n e  or neck 
a f f e r e n c e  to  f l e x o r  motoneurones and no t  due to  segm enta l
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m o d u la t i o n  v i a  p e r i p h e r a l  loops  u t i l i z i n g  r e c i p r o c a l  
i n h i b i t o r y  pa thw ays .
D uring  p e r i o d s  where bo th  e x t e n s o r  and f l e x o r  
a c t i v i t y  was weak, t h e  r e f l e x  re s p o n se  t o  head  o r  neck  t i l t  
was e i t h e r  v e ry  sm a l l  or a b s e n t .  As e x p e r im e n t s  p r o g r e s s e d  
such  s t a t e s  would a l s o  c o in c id e  w i th  a  d e p r e s s i o n  o f  a l l  
r e f l e x  r e s p o n s e s .  T h is  r e d u c t io n  i n  e x c i t a b i l i t y j ,  e v i d e n t  
a s  an i n a b i l i t y  to  evoke w i th d raw a l  r e f l e x e s #  p in n a  
r e f l e x e s  or  c o rd n e a l  r e f l e x e s  was a s t a t e  o f t e n  from which 
t h e  p r e p a r a t i o n  wouid—n o i r ' r e c o v e r !  Spontaneous  b r e a t h i n g  
c e a s ^ n ^  s h o r t l y  (from, one h a l f  t o  one hour) a f t e r  th e  c a t  
f e l l  i n t o  t h i s  s t a t e .  /As such,  - the  l o s s  o f  a l l  r e f l e x  
r e s p o n s e s  i n  c a t s  was t ak e n  a s  a s i g n  o f  d e te r io r a t io n  in  
t h e  p r e p a r a t i o n .  Spontaneous b r e a t h i n g  was p r e f e r e d  t o  
a r t i f i c a l  r e s p i r a t i o n  i n  a l l  ex p e r im e n ts  on t h e  s im p le  
g ro u n d s  t h a t  as  t h e  c e n t r e s  r e s p o n s i b l e  f o r  r e s p i r a t i o n  l i e  
i n  t h e  b r a i n  stem (an a r e a  of v i t a l  im p or tan ce  f o r  t h e  
g e n e r a t i o n  of  l a b y r i n t h  r e f l e x e s ) ,  t h a t  d istu rb a n ces  w i t h i n  
t h e  b r e a t h i n g  p a t t e r n  çou ld  be used a s  a  g u ide  t o  t h e
v i d b i l i ^  o f  t h e  b r a i n  s te n K ^ i t se l f ,  som eth ing  t h a t ^ c o u l d
n o t  be dé^e from a r t i f i c i a l  r e s p i r a t i o n .
Although a d e p r e s s io n  i n  e x t e n s o r  and f le x o r  
a c t i v i t y  accompanied th e  d e t e r i o r a t i o n  o f  t h e  an im al  t h e r e  
were  a l s o  t im e s  where t h i s  reduced background a c t i v i t y  d i d  
n o t  r e f l e c t  such a d e t e r i o r a t i o n .  In  such  i n s t a n c e s  t h e  
an im a l  s t i l l  showed r e f l e x  r e a c t i o n s  t o  touch in g  th e  eyes# 
t h e  p in n a  or p in c h in g  t h e  t o e s  e t c . ,  b u t  n o t  t o ,  o r  v e ry  
r a r e l y ,  t o  r o t a t i o n s  o f  th e  neck or head .  L abyrinth ine and 
neck r e f l e x  cou ld  s t i l l  be o b se rved ,  a l b e i t  i n d i r e c t l y  by
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c o n d i t i o n i n g  i p s i l a t e r a l  f l e x i o n  and c r o s s e d  e x t e n s o r  
r e f l e x e s  w i th  changes  i n  head or neck p o s i t i o n .  An example 
o f  t h e  e f f e c t  of  such c o n d i t i o n i n g  i s  shown i n  F ig .  25 
where  s i m u l t a n e o u s l y  r e c o rd ed  i p s i l a t e r a l  f l e x i o n  and 
c r o s s e d  e x t e n s o r  r e f l e x e s  a r e  compared a t  d i f f e r e n t  head
■.V \
p o s i t i o n s  i n  t h e  re spo n se  to  a f i x e d  s t i m u l i  t o  t h e  r i g h t  
r a d i a l  n e r v e .  I t  i s  c l e a r  t h a t  t h e  l a b y r i n t h  can m odula te  
t h e s e  r e f l e x e s  r e c o rd e d  from r i g h t  b i c e p s  and l e f t  t r i c e p s  
and t h a t  t h e  d i r e c t i o n  of  m odu la t ion  i s  c o n s i s t e n t  w i th  
l a b y r i n t h  r e f l e x e s  re c o rd e d  in  r e s p o n se  to  a p o s i t i o n a l  
change d i r e c t l y .  Cats  showing t h i s  m o d u la t io n  of  s p i n a l  
r e f l e x e s  by changes  i n  head or i n  neck p o s i t i o n  were 
n o rm a l ly  s t a b l e  in  t h i s  c o n d i t i o n  f o r  s e v e r a l  h o u r s ,  a f t e r  
which a c t i v i t y  would be r e - e s t a b l i s h e d  and motor r e s p o n s e s  
t o  changes  i n  head or neck p o s i t i o n  r e c o r d e d  as  norm al .  
Dur ing  t h e  t im e  an i n d i v i d u a l  c a t  showed such d e p re s s e d  
a c t i v i t y  t h e  o p p o r t u n i t y  was t ak e n  t o  t e s t  how changes  i n  
l im b  p o s i t i o n  a f f e c t e d  t h i s  m o du la t ion  of s p i n a l  r e f l e x e s  
w i th  changes  in  head or neck p o s i t i o n  ( th e  r e s u l t s  from 
t h e s e  t e s t s  a r e  g iven  i n  a l a t e r  s e c t i o n ,  3 . 5 . 0 ) .
3 . 2 . 0  The p a t t e r n  o f  l a b y r i n t h  and neck r e f l e x e s  i n  a c u t e l y  
h e m i l a b y r i n th e c t o m iz e d  cats...
T a b le s  I and I I  p r o v id e  a summary of  th e  r e f l e x  
r e a c t i o n s  of  f o r e l im b  e x t e n s o r s  and f l e x o r s  f o l lo w in g  
r o t a t i o n s  of  t h e  head or neck i n  d e c e r e b r a t e  c a t s  w i th  
i n t a c t  l a b y r i n t h s  ( n o r m a l s ) . In t h i s  s e c t i o n  t h e  r e f l e x  
r e a c t i o n s  of  t h e s e  m usc les  r e c o rd e d  from c a t s  f o l lo w in g  








F i g u r e  25 .  The e f f e c t  of  a l t e r i n g  head  p o s i t i o n  on th e  
i n t e n s i t y  o f  s i m u l t a n e o u s ly  r e c o r d e d  f l e x i o n  r e f l e x e s  in
t h e  r i g h t  b i c e p s  and c r o s s e d  e x te n s o r  r e f l e x e s  in  t h e  l e f t
t r i c e p s  ( i l l u s t r a t e d  as th e  r e c t i f i e d  and i n t e g r a t e d  EMG) 
on e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  d o r s a l  cu ta n eo u s  b ranch  
o f  t h e  r i g h t  r a d i a l  n e rv e .  The s t i m u l u s  p a r a m e te r s
rem a in ed  c o n s t a n t  t h ro u g h o u t  t h e  s e r i e s  o f  r e c o r d i n g s .
Arrows d e n o te  t h e  end of  t h e  t r a i n  of s t im u lu s  p u l s e s :  
( d e c e r e b r a t e !  c a t ,  i n t a c t  l a b y r i n t h s ,  Cl & C2 c u t ,  a x i s  
v e r t e b r a  c la m p e d ) .
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r e s u l t s  o f  t h i s  s e c t i o n  a re  based  on 21 s u c c e s s f u l  
e x p e r i m e n t s .
3.t.2tX The r e a c t i o n s  o f  ex t e n s o r s  t o  head r o t a t i o n  i n  a c u te  
h e m i l a b y r i n t h e c t o m i z e d  c a t s .
F o l lo w in g  a l a t e r a l  head t i l t  Nagaki (1967) and 
L in d s a y  and Rosenberg (197 8) r e p o r t e d  a r e v e r s a l  of t h e  
t o n i c  l a b y r i n t h  r e f l e x  f o l lo w in g  h e m i la b y r in th e c to m y  in  t h e  
l im b  c o n t r a l a t e r a l  t o  th e  l e s i o n .  T h is  o b s e r v a t i o n  on th e  
b e h a v i o u r  of  t h e  f o r e l i m b  e x t e n s o r s  i s  con f i rm ed  by EMG 
r e c o r d i n g s  made in  t h e  e x p e r im e n ts  d e t a i l e d  below.
In  a l l  a c u t e  exp e r im e n ts  l a b y r in th e c to m y  r e s u l t s  in  
an uneven d i s t r i b u t i o n  of  d e c e r e b r a t e  r i g i d i t y .  E x tenso r  
r i g i d i t y  i p s i l a t e r a l  to  th e  l e s i o n  was p r a c t i c a l l y  
a b o l i s h e d ,  w i th  th e  f l e x o r  m usc les  o f  t h a t  s i d e  showing a 
h ig h  d e g re e  of  a c t i v i t y .  C o n t r a l a t e r a l  t o  t h e  l e s i o n  th e  
e x t e n s o r  r i g i d i t y  was g r e a t l y  enhanced w h i l e  t h e  f l e x o r s  
on t h i s  s i d e  showed l i t t l e  or no sp on taneous  a c t i v i t y .
EMG r e c o r d i n g s  from th e  l e f t  t r i c e p s  d u r in g  head 
r o t a t i o n s  r e v e a l e d  t h a t  th e  r e f l e x  r e s p o n se  of t h i s  musc le  
f o l l o w i n g  l e f t  h e m i lab y r in th e c to m y  i s  in  t h e  same d i r e c t i o n  
a s  t h a t  r e c o rd e d  i n  c a t s  w i th  i n t a c t  l a b y r i n t h s .  The normal 
a p p e a ra n c e  of t h e  l a b y r i n t h  r e f l e x  i n  t h e  l e f t  t r i c e p s
(m edia l  head) i s  shown i n  F i g .  26a and F ig .  26b. F ig .  26
shows t h a t  f o l l o w in g  l a t e r a l  t i l t s  of t h e  head to  t h e  l e f t
( F ig .  26a) t h e r e  i s  a f a c i l i t a t i o n  of EMG w h i le  t i l t s  to
t h e  r i g h t  (F ig .  26b) r e s u l t  i n  a s u p p r e s s io n  of  EMG. A 




















F i g u r e  26. Normal form of l a b y r i n t h  r e f l e x  i n  l e f t  
e x t e n s o r  o f  an a c u te  h e m i la b y r in th e c to m iz e d  c a t .  (a) & (b) 
EMG from l e f t  t r i c e p s  (upper t r a c e )  on r o t a t i o n  of  t h e  
head  to  th e  l e f t  (lower t r a c e  (a))  and to  t h e  r i g h t  ( lower 
t r a c e  ( b ) ) :  ( l e f t  h e m i lab y r in th e c to m y  pe rfo rm ed
im m e d ia te ly  p r i o r  to  d e c e r e b r a t i o n .  Cl & C2 c u t ,  a x i s  
v e r t e b r a  clamped) .
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o b s e r v e d  i n  normal p r e p a r a t i o n s ,  i s  t h e  long  and v a r i a b l e  
l a t e n c y  of  t h e  r e a c t i o n  to  head t i l t ,  and t h a t  th e  a c t i v i t y  
c h ang es  come on s low ly  to  a t t a i n  a t o n i c  l e v e l  of a c t i v i t y ,  
which i s  m a in t a in e d  u n t i l  t h e  head i s  r e t u r n e d  t o  t h e  
normal p o s i t i o n .  The i n c r e a s e d  EMG a c t i v i t y  in  F ig ,  26a on 
r o t a t i o n  o f  th e  head to  th e  l e f t  ( s i d e - d o w n ) , r e s u l t s  from 
t h e  r e c r u i t m e n t  of p r e v i o u s l y  s i l e n t  motor u n i t s ,  which 
a d d i t i o n a l l y  a c c e l e r a t e  o u tp u t  b e f o r e  b e in g  s i l e n c e d  on 
r e t u r n i n g  t h e  head to  th e  normal p o s i t i o n .  F ig .  26b 
i l l u s t r a t e s  t h e  resp on se  of  t h e  l e f t  t r i c e p s  t o  a head t i l t  
tow ard  t h e  r i g h t  ( s i d e - u p ) , and shows t h a t  t h e  s u p p r e s s io n  
o f  a c t i v i t y  r e s u l t s  from th e  s i l e n c i n g  of  p r e v i o u s l y  a c t i v e  
motor  u n i t s .  The u n i t s  become r e a c t i v a t e d  f o l l o w in g  th e  
r e t u r n  o f  t h e  head t o  th e  normal p o s i t i o n .
The long  l a t e n c i e s  o b se rv ed  i n  t h e  r e s p o n s e s  of 
F i g .  26a and F ig .  26b a r e  commonly e n c o u n te re d  i n  bo th  
normal  and a c u te  p r e p a r a t i o n s .  The v a r i a b i l i t y  in  th e  
l a t e n c y  o b se rv ed  i n  a c u te  an im a ls  however,  a l th o u g h  no t  
s y s t e m a t i c a l l y  examined,  seemed t o  be g r e a t e r  th an  t h a t  i n  
normal  c a t s .  L a t e n c i e s  i n  t h e  a c u te  p r e p a r a t i o n s  t e n < ^ n ^  t o  
be g r e a t e r  th an  th o s e  of no rm a ls ,  though  s h o r t  l a t e n c i e s  
were a l s o  f r e q u e n t l y  e n c o u n te re d .  F ig .  27 p r o v i d e s  an 
example  of  a s h o r t  l a t e n c y  r e s p o n s e .  In t h i s  f i g u r e  th e  
i n t e g r a t e d  EMG from the  l e f t  t r i c e p s  i s  shown on r o t a t i o n  
o f  t h e  head to  th e  l e f t .  The r e s p o n s e ,  an i n c r e a s e  in  EMG 
a c t i v i t y  c l o s e l y  fo l lo w s  th e  p o s i t i o n a l  change .  As 
m en t ion ed  p r e v i o u s l y ,  t h e  p o p u l a t i o n  of  motor u n i t s  
c o n t r i b u t i n g  to  t h e  r e f l e x  w i l l  e x h i b i t  a d i s t r i b u t i o n  of  
l a t e n c i e s ,  t h e r e f o r e  i t  becomes d i f f i c u l t  to  be c o n f i d e n t
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F i g u r e  2 1 ,  Normal form of l a b y r i n t h  r e f l e x  i n  an e x t e n s o r  
m usc le  o f  t h e  l e f t  s i d e  in  an a c u te  h e m i l a b y r i n th e c t o m iz e d  
c a t .  R e c t i f i e d  and i n t e g r a t e d  EMG re c o rd e d  from t h e  l e f t  
t r i c e p s  (upper  t r a c e )  on r o t a t i o n  o f  t h e  head  ( lower 
t r a c e ) :  ( l e f t  h e m i lab y r in th e c to m y  perfo rm ed  im m e d ia te ly  
p r i o r  t o  d e c e r e b r a t i o n ,  Cl & C2 c u t ,  a x i s  v e r t e b r a  
clamped) .
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t h a t  e x p e r i m e n t a l l y  obse rved  l a t e n c i e s  r e f l e c t  t h e  f i r s t  
s i g n s  o f  t r u e  r e f l e x  a c t i v i t y .  D e s p i t e  t h i s ,  t h e  l a t e n c y  of  
any one re sp o n se  can i n d i c a t e  th e  p o i n t  whereby c e r t a i n
motor  u n i t s  may be r e c r u i t e d  or when t h e  s y n a p t i c  d r i v e
j ,  ^  ^
becomes s u f f i c i e n t  to  a c c e l e r a t e  t h e i r  d i s c h a r g e .   ^ ^
F i g s .  26 and 27 show t h a t  i n  t h e  l e f t  t r i c e p s  th e  
normal  f o r ^ ^ o f  l a b y r i n t h  r e f l e x e s  are" a p p a r e n t  d e s p i t e  th e  
l o s s  o f  t h e  i p s i l a t e r a l  l a b y r i n t h .  The musc le  deve lop s  
t e n s i o n  when th e  head i s  t i l t e d  t o  t h e  l e f t  and r e l a x e s  
w i t h  head t i l t s  d i r e c t e d  toward t h e  r i g h t .
As p r e v i o u s l y  mentioned a w e l l  documented 
c o n seq uence  of h em i lab y r in th e c to m y  i s  t h a t  e x te n s o r  
r i g i d i t y  d e v e lo p s  unevenly  between l e f t  and r i g h t  l im b s .  
R i g i d i t y ,  i p s i l a t e r a l  to  th e  l e s i o n  b e in g  l e s s  th a n  t h a t  of 
t h e  i n t a c t  s i d e .  In th e  e x p e r im e n ts  r e p o r t e d  h e re  t h i s  was 
m a n i f e s t  as  weak l e v e l s  o f  spon taneous  EMG a c t i v i t y  in  t h e  
l e f t  t r i c e p s .  In consequence ,  head t i l t s  t o  t h e  r i g h t  would 
o f t e n  f a i l  to  produce any ev id en ce  of  r e f l e x  a c t i v i t y ,  (a 
n o t  un e x p ec te d  r e s u l t ,  a s  t h i s  d i r e c t i o n  o f  t i l t  t e n d s  to  
s u p p r e s s  EMG a c t i v i t y  in  t h i s  m u s c l e ) , though r o t a t i o n  of  
t h e  head  t o  t h e  l e f t ,  i n  a l l  b u t  f o u r  c a t s  p roduced  t y p i c a l  
i n c r e a s e s  in  l e f t  e x te n s o r  a c t i v i t y .  In t h e s e  fo u r  c a t s  t h e  
EMG from th e  l e f t  t r i c e p s  never  showed any s p o n ta n ta n e o u s  
a c t i v i t y ,  t h e  m usc les  rem ain ing  f l a c c i d  th ro u g h o u t  th e  
e x p e r im e n t .  ( I t  may be t h a t  in  t h e s e  examples th e  l o s s  o f  
f a c i l i t a t o r y  d r i v e  from th e  i p s i l a t e r a l  v e s t i b u l o s p i n a l  
sys tem  has been so g r e a t  t h a t  t h e  c o n t r a l a t e r a l  l a b y r i n t h  
n e v e r  succeeds  in  p r o v i d in g  enough d r i v e  to  s u f f i c i e n t l y  
e x c i t e  th e  motoneurone p o o l s . )  D e s p i t e  t h e s e  f a i l u r e s  to
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o b s e r v e  a r e s p o n s e ,  th e  m a j o r i t y  o f  a n im a l s  d u r in g  t h e  
c o u r s e  of  an e x p e r im e n t ,  would show a r e s p o n se  to  head t i l t  
i n  t h e  l e f t  l im b .  These r e s p o n se s  were c o n s i s t e n t  w i th  
t h o s e  d e p i c t e d  i n  F i g s .  26 and 27.
As d e s c r i b e d  above th e  b e h a v io u r  of  th e  l e f t  
t r i c e p s  m usc le  group in  a c u te  l e f t  h e m i l a b y r in th e c to m iz e d  
c a t s  i s  q u a l i t a t i v e l y  i d e n t i c a l  to  t h e  b e h a v io u r  seen in  
normal  c a t s .  The r e f l e x  p a t t e r n  seen  i n  t h e  r i g h t  t r i c e p s  
i s  however n o t  t h e  same as  t h a t  d e s c r i b e d  f o r  normal 
a n im a l s  ( see  s e c t i o n  3 . 1 . 2 ) .
F ig .  28 i l l u s t r a t e s  t h e  b e h a v io u r  of  th e  r i g h t  
t r i c e p s  f o l l o w in g  a head r o t a t i o n  to  t h e  r i g h t  (F ig .  28a) 
and a head r o t a t i o n  to  th e  l e f t  (F ig .  28b) . T h is  f i g u r e  
i l l u s t r a t e s  t h a t  f o l lo w in g  l e f t  h e m i la b y r in th e c to m y  th e  
r e f l e x  r e s p o n s e  to  head t i l t  in  t h e  r i g h t  e x te n s o r  i s  
r e v e r s e d  when compared w i th  th e  r e sp o n se  of  t h i s  muscle  
seen  i n  c a t s  w i th  i n t a c t  l a b y r i n t h s .  The r i g h t  t r i c e p s  in  
l e f t  h e m i l a b y r in th e c to m iz e d  c a t s  behav ing  s y n e r g i s t i c a l l y  
w i th  t h e  l e f t  e x t e n s o r .  Head t i l t s  to  t h e  r i g h t  s u p p r e s s in g  
t h e  EMG i n  r i g h t  (F ig .  28a) and l e f t  (F ig .  26b) t r i c e p s  
w h i l e  f a c i l i t a t i o n  of  EMG a c t i v i t y  o c c u r s  w i th  head t i l t s  
t o  t h e  l e f t  (see  F i g .  2 6 a : l e f t  t r i c e p s .  F ig .  2 8 b : r i g h t  
t r i c e p s ) .  The r e v e r s a l  in  t h e  b eh av io u r  of th e  r i g h t  
t r i c e p s  m usc le  can be seen by comparing t h e  re sp on ses  
d e p i c t e d  i n  t h i s  F i g .  28 w i th  th o se  from th e  r i g h t  t r i c e p s  
t a k e n  from c a t s  w i th  i n t a c t  l a b y r i n t h s  ( F ig s .  6,  7 and 8 ) .  
Four f u r t h e r  examples o f  t h i s  r e f l e x  r e v e r s a l  a re  g iven  in
F ig .  29 .
The r e c t i f i e d  and i n t e g r a t e d  EMGs i l l u s t r a t e d  i n
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F i g u r e  28 .  Reversed  l a b y r i n t h  r e f l e x  i n  t h e  r i g h t  t r i c e p s  
f o l l o w i n g  d e s t r u c t i o n  of  th e  l e f t  l a b y r i n t h ,  (a) & (b) EMG 
from r i g h t  t r i c e p s  (upper t r a c e )  on r o t a t i o n  of  t h e  head 
t o  t h e  r i g h t  ( lower t r a c e  (a))  and to  th e  l e f t  ( lower 
t r a c e  ( b ) ) :  ( l e f t  h em i lab y r in th e c to m y  pe rfo rm ed
im m e d ia te ly  p r i o r  to  d e c e r e b r a t i o n .  Cl & C2 c u t ,  a x i s  
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F i g u r e  2 9 .  Reversed  l a b y r i n t h  r e f l e x  i n  an e x t e n s o r  muscle 
o f  t h e  r i g h t  s i d e  in  an a c u t e  h e m i l a b y r in th e c to m iz e d  c a t .  
( a ) y ( b ) , (c) & (d) D i f f e r e n t  forms of l a b y r i n t h  r e f l e x  
i l l u s t r a t e d  by th e  r e c t i f i e d  and i n t e g r a t e d  EMG reco rded  
from r i g h t  t r i c e p s  on r o t a t i o n  o f  t h e  head :  ( l e f t
h e m i l a b y r in th e c to m y  perform ed im m edia te ly  p r i o r  to  
d e c e r e b r a t i o n ,  Cl & C2 c u t ,  a x i s  v e r t e b r a  c lam ped) .
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F ig .  2 9 a , b , c , d  show t h e  r e f l e x  re sp o n se  o f  r i g h t  t r i c e p s  t o  
h e a d  r o t a t i o n s  to  t h e  l e f t .  A l l  examples shown in  F ig . 29 
i l l u s t r a t e  t h e  i n c r e a s e  in  a c t i v i t y  th a t  occu rs w ith  t h i s  
d ir e c t io n  o f  head t i l t ,  and a l tho u gh  th e y  s h a r e  a  common 
d i r e c t i o n  o f  r e s p o n s e ,  each example i l l u s t r a t e s  a  d i f f e r e n t  
sh a p e  o f  r e f l e x .  F i g .  29a shows a re sp o n se  t h a t  i s  a lm o s t  
im m e d ia te ly  sw itch ed  on fo l lo w in g  t h e  head t i l t  and 
e x h i b i t s  c l e a r  t o n i c  a c t i v i t y  t h a t  c o r r e l a t e s  w i th  t h e  head 
t i l t .  In F i g .  29b and 29c head t i l t s  t o  t h e  l e f t  a g a in  
p r o d u c e  i n c r e a s e s  in  t h e  EMG from r i g h t  t r ic e p s ,  a lthough  
i n  th e s e  c a s e s  t h e  i n t e g r a t e d  EMG s low ly  increases f o l l o w in g  
h e a d  d e v i a t i o n .  The respo n se  i n  F i g ,  29b e v e n t u a l l y  r e a c h e s  
a  p l a t e a u  t h a t  i s  m a in ta in e d  fo r  t h e  d u r a t i o n  o f  t h e  t i l t  
b e f o r e  g r a d u a l l y  r e t u r n i n g  toward  p rev iou s r e s t i n g  EMG 
l e v e l s  on c o m p le t io n  o f  t h e  head t i l t .  A lthough t h e  
r e s p o n s e  i n  F i g .  29c i s  s i m i l a r  i t  does n o t  rea ch  a 
m a i n t a i n e d  p l a t e a u  l e v e l  during t h e  t i l t ,  as t h e  head i s  
r e t u r n e d  t o  t h e  normal p o s i t i o n  p r i o r  t o  t h i s  b e in g  
a c h i e v e d .  As t h e  t i l t  l a s t s  a p p ro x im a te ly  18 seconds i t  
would  seem t h a t  t h e  muscle  th ro ug h ou t  t h i s  p e r i o d  o f  t im e  
i s  becoming p r o g r e s s i v e l y  more a c t i v e .  On r e t u r n i n g  th e  
head t o  t h e  normal p o s i t i o n  t h e r e  i s  a  slow d e c lin e  i n  t h e  
i n t e g r a t e d  EMG. A d i f f e r e n t  response  p a t t e r n  i s  shown i n  
F i g .  29d .  Here t h e  in te g r a te d  EMG a g a in  shows an in crea sed  
a c t i v i t y  though  o n ly  a f t e r  a  c o n s i d e r a b l e  d e la y  (approx 
2 , 5 s e c ) ,  f o l l o w i n g  which a m a in ta in e d  i n c r e a s e  i s  seen  
which  i n  t o t a l  t im e  c o r re sp o nd s  c l o s e l y  w i th  t h e  l e n g t h  of  
lUume th e  head i s  h e ld  in  the l e f t  side-dow n p o s i t io n .  The 
com p lete  resp onse tak in g  on th e  appearance o f  being  tim e
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s h i f t e d  ( l a g g in g )  w i th  r e s p e c t  to  t h e  s t i m u l u s .
The examples of a c t i v i t y  changes  o b se rv ed  i n  F ig .
29 c o r r e l a t e  w e l l  w i th  th e  p o s i t o n a l  change ,  a l th o u g h  t h e  
s h a p e s  of  t h e  r e s p o n s e s  do not  a lways r e f l e c t  t h e  shape of 
t h e  p o s i t i o n a l  change .  Whereas in  normal p r e p a r a t i o n s  a 
p h a s i c  i n c r e a s e  can o c c a s i o n a l l y  be r e c o g n i s e d  a lon g  w i th  a 
t o n i c  component,  i t  i s  d i f f i c u l t  i n  t h e s e  examples t o  match 
a s t e a d y  i n c r e a s e  in  a c t i v i t y  (F ig .  29c) w i th  what i n  te rm s  
o f  o t o l i t h  o u tp u t  shou ld  be a s te ad y  s i g n a l .  In t h e s e  q
exam ples  i t  would seem t h a t  th e s e  i n c r e a s e s  r e f l e c t  
s u c c e s s i v e  r e c r u i t m e n t  of h ig he r  t h r e s h o l d  motor u n i t s  
d u r i n g  t h e  t i l t  and t h a t  th e  slow d e c l i n e  i s  a l s o  a 
c o n seq u e n ce  of t h i s ,  i n  t h a t  th e  l e s s  e x c i t a b l e  f i b r e s  w i l l  
d ro p  o u t  e a r l i e r  th an  th e  more e x c i t a b l e  ones .  From t h e s e  
f i g u r e s  o f  a c t i v i t y  in  t h e  r i g h t  t r i c e p s  t h e  only  t r u l y  
c o n s i s t e n t  o b s e r v a t i o n  i s  th e  d i r e c t i o n  of  th e  a c t i v i t y  
c h a n g e s .  R o t a t i o n s  t o  th e  l e f t  i n c r e a s i n g  EMG, w h i le  
r o t a t i o n s  t o  t h e  r i g h t  t end  to  su p p re ss  t h e  e l e c t r i c a l  
a c t i v i t y  of  t h e  r i g h t  e x t e n s o r .
The b e h av io u r  of th e  EMG from f o r e l im b  e x t e n s o r s  
d u r i n g  l a t e r a l  head t i l t s  in  a c u te  l e f t
h e m i l a b y r i n th e c t o m iz e d  c a t  a r e  c o n s i s t e n t  w i th  p r e v io u s  
r e p o r t s  o f  l a b y r i n t h  p o s i t i o n a l  r e f l e x e s  in  such 
p r e p a r a t i o n s  (Nagaki,  1967; L indsay  and Rosenberg ,  1 9 7 8 ) .
The d i r e c t i o n  of th e  r e f l e x  i n  t h e  l e f t  l imb rem ain ing  
u n a l t e r e d  w h i l e  t h a t  in  th e  r i g h t  l imb i s  r e v e r s e d .  T h is  
g i v i n g  r i s e  to  c o a c t i v a t i o n  of l e f t  and r i g h t  e x te n s o r  
m u sc le s  f o l lo w in g  t i l t s  to  th e  l e f t  and a s im u l ta n eo u s  
d e p r e s s i o n  of  EMG a c t i v i t y  w ith  r o t a t i o n s  to  t h e  r i g h t .
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3 . 2 . 2  The f l e x o r  motor  r e s p o n s e  t o  chan g e s  i n  head p o s i t i o n  
and t h e  r e l a t i o n s h i p  be tw een  f l e x o r  and e x t e n s o r  a c t i v i t y  
in  a c u t e  l e f t  h e m i l a b y r i n t h e c t o m i z e d  c a t s .
Head t i l t s ,  a s  h a s  p r e v i o u s l y  been  d e s c r i b e d ,  
a f f e c t  t h e  motor o u t p u t  of  f l e x o r  m u sc le s  o f  t h e  f o r e l i m b .  
In  t h i s  s e c t i o n  t h e  p a t t e r n  of  f l e x o r  m u sc le  b e h a v io u r  
d u r i n g  head  t i l t s  i n  t h e  d e c e r e b r a t e  c a t  f o l l o w i n g  a c u t e  
l e f t  h e m i l a b y r i n th e c t o m y  w i l l  be d e s c r i b e d .  In  a l l  t h e  
e x p e r i m e n t s  r e p o r t e d  i n  t h i s  s e c t i o n  neck r e f l e x e s  were 
e x c lu d e d  by c lam p in g  t h e  a x i s  v e r t e b r a  a f t e r  s e c t i o n i n g  Cl 
and C2.
In  a c a t  w i th  i n t a c t  l a b y r i n t h s  head  t i l t s  r e s u l t  
i n  a c t i v a t i o n  o f  f o r e l i m b  f l e x o r s  ( b i c e p s  and b r a c h i a l i s )  
when t h e  d i r e c t i o n  o f  t i l t  i s  d i r e c t e d  away from t h e  
r e c o r d i n g  s i t e  ( i e .  s i d e - u p  t i l t s ,  w i th  s ide -dow n  t i l t s  
d e p r e s s i n g  f l e x o r  EMG). F o l lo w in g  l e f t  l a b y r i n t h e c t o m y  t h i s  
s i t u a t i o n  i s  a l t e r e d .  The r e s u l t s  t o  be p r e s e n t e d  which 
d e s c r i b e  t h e  f l e x o r  p a t t e r n  i n  a c u t e  a n im a l s  a r e  b a se d  on 
i n f o r m a t i o n  o b t a i n e d  from 19 c a t s .  Of t h i s  group 16 showed 
c o n s i s t e n t  changes  i n  f l e x o r  a c t i v i t y  w i th  head t i l t  w h i l e  
i n  3 a n im a l s  an a l t e r n a t i v e  p a t t e r n  was o b s e r v e d .  The 
p a t t e r n  o f  l a b y r i n t h  r e f l e x e s  o b s e r v e d  i n  t h e  m a j o r i t y  of  
t h e  a n im a l s  w i l l  be d e s c r i b e d  f i r s t ,  t h a t  from th e  
r e m a in in g  3 w i l l  be d e a l t  w i th  s e p a r a t e l y .
R o t a t i o n s  of  t h e  head i n  t h e  m a j o r i t y  of  
e x p e r i m e n t s  r e s u l t e d  in  l a b y r i n t h  r e f l e x e s  i n  t h e  l e f t  
f l e x o r s  ( b i c e p s  and b r a c h i a l i s )  t h a t  a r e  c o n s i s t e n t  w i th
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t h o s e  r e c o r d e d  from c a t s  w i th  i n t a c t  l a b y r i n t h s .  That  i s ,  
r o t a t i o n  o f  th e  head to  th e  l e f t  d e p re s s e d  EMG a c t i v i t y  
w h i l e  i n c r e a s e s  in  EMG accompany head r o t a t i o n s  toward th e  
r i g h t .  F i g .  30 shows th e  i n t e g r a t e d  EMG r e c o r d e d  from th e  
l e f t  b r a c h i a l i s  d u r in g  a head t i l t  to  t h e  l e f t .  The f i g u r e  
i l l u s t r a t e s  a t o n i c  s u p p r e s s io n  of EMG a c t i v i t y  
accompanying th e  head t i l t ,  fu r th e rm o re  when th e  t i l t  i s  
d i r e c t e d  t o  t h e  r i g h t  (as i l l u s t r a t e d  in  t h e  raw EMG 
r e c o r d i n g  from l e f t  b i c e p s  in  F ig .  31) t h e  r e s u l t  i s  a 
t o n i c  i n c r e a s e  in  motor o u tp u t .  Such b e h av io u r  i s  d e p i c t e d  
i n  F i g .  32 which shows th e  EMG response  of  t h e  l e f t  b i c e p s  
t o  s u c c e s s i v e  t i l t s  of  th e  head to  th e  r i g h t .  In  t h i s  
f i g u r e  i t  can be seen t h a t  th e  p e r io d s  of i n c r e a s e d  EMG 
a c t i v i t y  c o r r e sp o n d  w i th  p e r io d s  when th e  head o c c u p ie s  a 
r i g h t  s ide -dow n  a t t i t u d e .  Together  F i g s .  30, 31 and 32 show 
t h e  t y p i c a l  form of th e  l a b y r i n t h  r e f l e x  r e c o rd e d  in  t h e  
l e f t  f l e x o r  fo l lo w in g  u n i l a t e r a l  d e s t r u c t i o n  of  t h e  l e f t  
l a b y r i n t h .  The r e f l e x  re sp o nse  of t h e s e  muscles  d u r in g  head 
r o t a t i o n  i s  e q u i v a l e n t  to  th e  r e f l e x  b e h av io u r  of th e  same 
m usc le  g roup  in  c a t s  w i th  i n t a c t  l a b y r i n t h s ,  as  d e s c r i b e d
i n  a p r e v i o u s  s e c t i o n  ( 3 . 1 . 3 ) .
A l though th e  r e f l e x  o u tp u t  re c o rd e d  i n  t h e  l e f t  
f l e x o r  m u sc le s  a p p e a r ,  q u a l i t a t i v e l y ,  u n a l t e r e d  f o l lo w in g  
l e f t  l a b y r i n th e c to m y  th e  response  of t h e  r i g h t  f l e x o r  ( l i k e  
t h a t  of t h e  r i g h t  e x te n so r )  i s  d i f f e r e n t  from th e  re spo n se
seen  i n  t h e  normal c a s e .
The b eh av iou r  of t h e  r i g h t  f o r e l im b  f l e x o r s  b i c e p s  
and b r a c h i a l i s  a re  i l l u s t r a t e d  in  th e  fo l lo w in g  f i g u r e s .
F i g .  33 d e p i c t s  th e  a c t i v i t y  changes in  t h e  i n t e g r a t e d  EMG
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F i g u r e  30 .  Normal l a b y r i n t h  r e f l e x  i n  a f l e x o r  m usc le  of 
t h e  l e f t  s i d e  i n  an a c u te  h e m i la b y r in th e c to m iz e d  c a t .  
R e c t i f i e d  and i n t e g r a t e d  EMG reco rd ed  from t h e  l e f t  
b r a c h i a l i s  (upper t r a c e )  on r o t a t i o n  of th e  head ( lower  
t r a c e ) : ( l e f t  h em i labyr in thec tom y  performed im m edia te ly










F i g u r e  31 .  Normal l a b y r i n t h  r e f l e x  i n  a f l e x o r  m usc le  of 
t h e  l e f t  s i d e  in  an a cu te  h e m i lab y r in th e c to m iz e d  c a t .  EMG 
from l e f t  b i c e p s  (upper t r a c e )  on r o t a t i o n  of  t h e  head to  
t h e  r i g h t  (lower t r a c e ) :  ( l e f t  h e m i la b y r in th e c to m y
p e r fo rm e d  im m edia te ly  p r i o r  to d e c e r e b r a t i o n ,  Cl & C2 c u t ,  
a x i s  v e r t e b r a  clamped) .
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F i g u r e  32 .  Normal l a b y r i n t h  r e f l e x  i n  l e f t  b i c e p s  i n  an 
a c u t e  h e m i l a b y r in th e c to m iz e d  c a t .  EMG from l e f t  b i c e p s  
(upper  t r a c e )  on r o t a t i o n  of  th e  head ( lower t r a c e ) :  ( l e f t  
h e m i l a b y r in th e c to m y  pe rform ed im m edia te ly  p r i o r  to  
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F i g u r e  33 .  Reversed  l a b y r i n t h  r e f l e x  i n  a f l e x o r  of t h e  
r i g h t  f o r e l i m b  i n  an a c u te  h e m i l a b y r in th e c to m iz e d  c a t .  
R e c t i f i e d  and i n t e g r a t e d  EMG from th e  r i g h t  b i c e p s  (upper 
t r a c e )  on r o t a t i o n  of  t h e  head to  t h e  l e f t  (lower t r a c e ) ; 
( l e f t  h e m i la b y r in th e c to m y  perform ed im m edia te ly  p r i o r  to  
d e c e r e b r a t i o n .  Cl & C2 c u t ,  a x i s  v e r t e b r a  c la m p e d ) .
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o f  t h e  r i g h t  b i c e p s  f o l lo w in g  r o t a t i o n  o f  t h e  head t o  th e  
l e f t .  O r d i n a r i l y  in  t h e  normal d e c e r e b r a t e  p r e p a r a t i o n  such 
^ a s s o c i a t e d  w i th  an i n c r e a s e  in  t h e  motor o u tp u t
o f  t h e  r i g h t  b i c e p s ,  however in  t h i s  f i g u r e  such a t i l t  i s  
c o r r e l a t e d  w i th  a d e p r e s s io n  in  motor a c t i v i t y .  The 
d e p r e s s i o n ,  t y p i c a l l y ,  p e r s i s t s  u n t i l  t h e  head i s  r o t a t e d  
back tow ard  t h e  s t a r t i n g  p o s i t i o n ,  f o l l o w in g  which ( a f t e r  a 
d e la y )  EMG i s  r e - e s t a b l i s h e d  near  to  p r e - t i l t  l e v e l s .  When 
t h e  d i r e c t i o n  of  t h e  t i l t  i s  toward t h e  r i g h t  t h e  EMG 
r e s p o n d s  w i th  an i n c r e a s e  i n  a c t i v i t y .  Examples o f  t h e  EMG 
r e s p o n s e  to  head r o t a t i o n s  toward  th e  r i g h t  s i d e  of th e  
an im a l  a r e  shown in  F i g s .  3 4 and 35. In  F i g .  34 t h e  
r e c t i f i e d  and i n t e g r a t e d  EMG from th e  r i g h t  b i c e p s  i s  
i l l u s t r a t e d  and i n  F ig .  35 t h e  EMG re c o rd e d  from th e  r i g h t  
b r a c h i a l i s  i s  shown. Both examples i l l u s t r a t e  th e  re sp o n se  
f o r  t h e  same d i r e c t i o n  of  head r o t a t i o n  ( to  t h e  r i g h t )  and 
each  show a s s o c i a t e d  i n c r e a s e s  in  motor o u t p u t .
F u r th e r m o r e ,  t h e s e  r e s p o n se s  a re  m ain taned  a t  e l e v a t e d  
a c t i v i t y  l e v e l s  u n t i l  t h e  head i s  r e t u r n e d  t o  i t s  o r i g i n a l  
p o s i t i o n .  The b e h av io u r  of r i g h t  b i c e p s  and b r a c h i a l i s  in  
F i g s .  33 ,  34 and 35, i n  a c u te  l e f t  h e m i l a b y r in th e c to m iz e d  
p r e p a r a t i o n s  i l l u s t r a t e  t h a t  th e  r e f l e x  re sp o n se  to  l a t e r a l  
head t i l t s  i s  r e v e r s e d  i n  comparison t o  th e  normal r e f l e x  
a c t i o n  o b se rv ed  in  t h e s e  muscles  in  c a t s  w i th  i n t a c t  
l a b y r i n t h s  (see  F i g s .  10,  11b, 1 5 b ) .
In consequence  to  t h i s  r e v e r s a l  in  a c t i v i t y  
p a t t e r n ,  a s  o b se rv ed  in  t h e  r i g h t  f l e x o r  m u sc le s ,  head 
t i l t s  which p r e v i o u s l y  r e s u l t e d  i n  r e c i p r o c a l  a c t i v i t y  
changes  in  f l e x o r s  from l e f t  and r i g h t  f o r e l i m b s  r e s u l t  in
20 pV
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F i g u r e  3 4 ,  Reversed  l a b y r i n t h  r e f l e x  seen in  r i g h t  b i c e p s  
o f  an a c u t e l y  h e m i la b y r in th e c to m iz e d  c a t .  R e c t i f i e d  and 
i n t e g r a t e d  EMG from th e  r i g h t  b i c e p s  (upper t r a c e )  on 
r o t a t i o n  o f  t h e  head to  t h e  r i g h t  (lower t r a c e ) :  ( l e f t  
h em i laby  r i n th e c to m y  pe rform ed imm edia te ly  p r i o r  t o










F i g u r e  35 .  R eversed  l a b y r i n t h  r e f l e x  seen  i n  r i g h t  
b r a c h i a l i s  o f  an a c u t e l y  h e m i la b y r in th e c to m iz e d  c a t .  EMG 
r e c o r d e d  from t h e  r i g h t  b r a c h i a l i s  (upper t r a c e )  on 
r o t a t i o n  o f  t h e  head to  t h e  r i g h t  ( lower t r a c e ) :  ( l e f t  
h e m i laby  r in th e c to m y  pe rform ed im m edia te ly  p r i o r  to  
d e c e r e b r a t i o n .  Cl & C2 c u t ,  a x i s  v e r t e b r a  c lam ped) .
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a c o a c t i v a t i o n  or  s u p p r e s s io n  in  a c t i v i t y  a f t e r  th e  l o s s  of  
t h e  l e f t  l a b y r i n t h .  Acute l e f t  h e m i la b y r in th e c to m y  
t h e r e f o r e  r e s u l t s  in  r i g h t  and l e f t  f l e x o r s  becoming 
sy n c h r o n o u s ly  a c t i v e  w i th  head r o t a t i o n s  to  t h e  r i g h t .  Two 
exam ples  o f  t h i s  c o a c t i v a t i o n  of c r o s s e d  f l e x o r s  a re  shown 
i n  P i g .  36 (a and b ) . In both  F ig .  36a and 36b th e  EMG 
r e c o r d e d  from t h e  r i g h t  b i c e p s  i s  shown on t h e  top  t r a c e  
and t h a t  from th e  l e f t  b i c e p s  i s  r e p r e s e n t e d  below t h i s .  In 
F i g .  36b t h e  l a t e n c y  of t h e  response  to  head t i l t  i s  much 
g r e a t e r  t h a n  t h a t  o bse rved  i n  F ig .  36a .  I n t e r e s t i n g l y ,  i n  
b o th  examples l a t e n c y  fo r  l e f t  and r i g h t  f l e x o r  m usc les  a r e  
s i m i l a r .  T h is  s u g g e s t s  t h a t  d e s p i t e  p r o b a b le  d i f f e r e n c e s  in  
t h e  p o p u l a t i o n  of  motor u n i t  t y p e s  b e in g  sampled from one 
m u sc le ,  i n  comparison  to  a n o th e r ,  t h a t  l a t e n c y  may be more 
d e p en d a n t  on c e n t r a l  mechanisms r a t h e r  than  on d i f f e r e n c e s  
i n  t h e  s y n a p t i c  d r i v e  on to  m otorneurones  su p p ly in g  
d i f f e r e n t  motor u n i t s .  D e s p i t e  t h i s  s p e c u l a t i o n ,  what i s  
c l e a r  i s  t h a t  h e m i la b y r in th e c to m y ,  by v i r t u e  of  a r e v e r s e d  
l a b y r i n t h  r e f l e x  c o n t r a l a t e r a l  to  t h e  l e s i o n  a l t e r s  t h e  
r e l a t i o n s h i p  between f l e x o r  musc les  o f  o p p o s i t e  f o r e l i m b s .
As th e  b e h av io u r  of th e  r i g h t  e x te n s o r  i s  a l s o  
r e v e r s e d  f o l l o w i n g  d e s t r u c t i o n  of t h e  l e f t  l a b y r i n t h  th e  
i n t e r m u s c u l a r  r e l a t i o n s h i p  between r i g h t  f l e x o r  and 
e x t e n s o r  remains  one of r e c i p r o c a t i n g  a c t i v i t y  in  re sp o n se  
t o  head t i l t s .  F ig .  37 i l l u s t r a t e s  t h a t  t h i s  i s  indeed  t h e  
c a s e .  The r e c t i f i e d  and i n t e g r a t e d  e lec tromyograms of  th e  
r i g h t  t r i c e p s  (F ig .  37a) and r i g h t  b i c e p s  (F ig .  37b) a r e  
shown in  r e sp o n se  to  s u c c e s i v e  head t i l t s .  R o ta t i o n s  to  t h e  
























F i g u r e  3 6 .  C o a c t i v a t i o n  o f  f l e x o r  m u sc le s  from o p p o s i t e  
f o r e l i m b s  d u r i n g  l a b y r i n t h i n e  s t i m u l a t i o n  i n  an a c u t e l y  
h e m i l a b y r i n t h e c t o m i z e d  c a t .  (a) & (b) EMG from r i g h t
(upper  t r a c e )  and l e f t  (m iddle  t r a c e )  b i c e p s  on r o t a t i o n  
o f  t h e  head  ( lower  t r a c e ) : ( l e f t  h e m i l a b y r in th e c to m y
p e r fo rm e d  im m e d ia te ly  p r i o r  to  d e c e r e b r a t i o n ,  Cl & C2 c u t ,  







F ig u r e  37 .  Reversed  l a b y r i n t h  r e f l e x  i n  e x t e n s o r  and
f l e x o r  o f  r i g h t  f o r e l i m b ,  p r e s e r v i n g  r e c i p r o c a l  r e f l e x e s
i n  t h a t  l im b i n  t h e  a c u te  h e m i l a b y r in th e c to m iz e d  c a t .  
R e c t i f i e d  and i n t e g r a t e d  EMG from th e  r i g h t  t r i c e p s  (a) , 
and t h e  r i g h t  b i c e p s  (b) on r o t a t i o n  of  th e  head ( lower  
t r a c e ) : ( l e f t  h em i lab y r in th ec to m y  perfo rm ed  im m ed ia te ly  
p r i o r  t o  d e c e r e b r a t i o n .  Cl & C2 c u t ,  a x i s  v e r t e b r a
clamped)  .
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s i m u l t a n e o u s  r e d u c t i o n s  in  f l e x o r  a c t i v i t y .  S i m i l a r l y  when 
t h e  head i s  r o t a t e d  from a l e f t  s ide-down p o s i t i o n  to  a 
norm al  p o s i t i o n  a d e c re a se d  e x te n s o r  o u tp u t  i s  accompanied 
by an i n c r e a s e  in  f l e x o r  a c t i v i t y .  T h is  form of  r e f l e x  
b e h a v i o u r ,  due to  th e  r e v e r s a l  of e x te n s o r  and f l e x o r  
a c t i v i t i e s  i n  t h e  r i g h t  f o r e l i m b ,  i s  r e m i n i s e n t  of t h e  
p a t t e r n  o f  l a b y r i n t h i n e  r e f l e x e s  in  t h e  l e f t  l imb i n  normal 
and l e f t  h e m i la b y r in th e c to m iz e d  c a t s .  In t h e  l e f t  l imb t h e  
normal  p a t t e r n  of  r e c i p r o c a l  e x te n s o r  and f l e x o r  a c t i v i t y  
i s  o b s e rv e d  f o l lo w in g  a l a t e r a l  head t i l t  i n  t h e  a c u t e  
p r e p a r a t i o n .  An example i l l u s t r a t i n g  bo th  f l e x o r  and 
e x t e n s o r  a c t i v i t y  in  t h e  l e f t  l imb i s  shown i n  F ig .  3 8.
T h is  example ,  i n  s u p p o r t  of p r e v io u s  f i g u r e s  d e a l i n g  w i th  
i n d i v i d u a l  musc les  in  t h e  l e f t  l imb and i n  comparison  w i th  
F i g .  15a ( n o r m a l ) , shows t h a t  th e  d i r e c t i o n  of  th e  
l a b y r i n t h  r e f l e x  i s  no t  a l t e r e d  f o l lo w in g  l e f t
l a b y r i n t h e c t o m y . Such behav iour  w i t h i n  t h e  l e f t  limb and i n
c o n j u n c t i o n  w i th  t h a t  o c c u r r in g  i n  t h e  r i g h t  l im b ,  r e s u l t s
i n  t h e  normal asymmetry between th e  l im bs be ing  l o s t  on
l a b y r i n t h e c t o m y .  Thus, r a t h e r  th an  hav ing  synchronous 
e x t e n s i o n  and f l e x i o n  i n  o p p o s i t e  l im b s ,  
h e m i l a b y r in th e c to m y  r e s u l t s  i n  e x t e n s o r s  of  one l imb 
showing r e c i p r o c a l  a c t i v i t y  w i th  no t  on ly  f l e x o r s  of  th e  
same s i d e  (F ig s .  37 and 38) b u t  a l s o  w i th  f l e x o r s  of  th e  
o p p o s i t e  l im b .  F ig .  39 r e c o r d s  such c r o s s e d  r e c i p r o c a l  
b e h a v io u r  in  resp on se  to  a head t i l t .  The f i g u r e  shows th e  
r e s p o n s e  of t h e  r i g h t  t r i c e p s  ( top  t r a c e )  and l e f t  
b r a c h i a l i s  (middle  t r a c e )  f o l lo w in g  a head r o t a t i o n  from a 












F i g u r e  38 .  Normal p a t t e r n  o f  r e c i p r o c a l  e x te n s o r  and 
f l e x o r  l a b y r i n t h  r e f l e x e s  i n  t h e  l e f t  f o r e l i m b  o f  an 
a c u t e l y  h e m i l a b y r in th e c to m iz e d  c a t .  EMG from t h e  l e f t  
t r i c e p s  (upper  t r a c e )  and from th e  l e f t  b i c e p s  (middle  
t r a c e )  on r o t a t i o n  o f  t h e  head (lower t r a c e ) :  ( l e f t
h e m i l a b y r in th e c to m y  pe rform ed im m edia te ly  p r i o r  to











F i g u r e  39 .  R e c ip ro c a l  l a b y r i n t h  r e f l e x e s  in  e x t e n s o r  and 
f l e x o r  from o p p o s i t e  l imbs in  an a c u t e l y
h e m i l a b y r i n th e c t o m iz e d  c a t .  EMG from th e  r i g h t  t r i c e p s  
(upper  t r a c e )  and l e f t  b r a c h i a l i s  (middle  t r a c e )  on 
r o t a t i o n  o f  t h e  head (lower t r a c e ) :  ( l e f t
h e m i l a b y r in th e c to m y  perform ed immedia te ly  p r i o r  t o  
d e c e r e b r a t i o n ,  Cl & C2 c u t ,  a x i s  v e r t e b r a  c la m p e d ) .
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f i g u r e  d e m o n s t r a t e s  t h a t  t h e r e  i s  a concominant  i n c r e a s e  in  
a c t i v i t y  from r i g h t  t r i c e p s  and a d e c r e a s e  i n  l e f t  
b r a c h i a l i s  EMG w i th  th e  head t i l t  i l l u s t r a t e d .
L e f t  l a b y r in th e c to m y  t h e r e f o r e  can be seen  to  a l t e r  
t h e  r e f l e x  r e s p o n se  to  a head t i l t  by r e v e r s i n g  bo th  t h e  
e x t e n s o r  and f l e x o r  motor o u tp u ts  o f  t h e  r i g h t  l im b .  T h is  
d i s r u p t i o n  to  t h e  normal p a t t e r n  of r e f l e x e s  r e s u l t i n g  in  
c o a c t i v a t i o n  of  f l e x o r s  in  o p p o s i t e  l im b s ,  when th e  t i l t  i s  
d i r e c t e d  away from th e  l e s i o n ,  and c o a c t i v a t i o n  of  o p p o s i t e  
e x t e n s o r s  when th e  head t i l t  i s  toward th e  s i d e  of t h e  
l e s i o n .  The p a t t e r n  of l a b y r i n t h  r e f l e x e s  o b se rv ed  i n  th e  
a c u t e  l e f t  h e m i la b y r in th e c to m iz e d  c a t  i s  summarised in  
t a b l e  I I I .
T h is  t a b l e  i t  should  be no ted  i s  composed i n  
r e s p e c t  t o  t h e  m a j o r i t y  of r e sp o nses  seen i n  any one 
m u s c le .  D e v i a t io n s  in  t h i s  p a t t e r n  were seen i n  t h r e e  
p r e p a r a t i o n s ,  t h e  d isag reeem en t  only  o c c u r r i n g  i n  t h e  
b e h a v i o u r  of  t h e  l e f t  f l e x o r .  This  d e p a r t u r e  from th e  
common form of th e  l a b y r i n t h  r e f l e x  w i l l  be d i s c u s s e d  i n  a 
s e p a r a t e  s e c t i o n .
I t  shou ld  a l s o  be no ted  t h a t  t h e  above r e f l e x e s  on 
a su b s e q u e n t  second l a b y r in th e c to m y  a re  c o m p le te ly  
a b o l i s h e d ,  t h u s  d e m o n s t ra t in g  t h e r e  dependence on th e  
i n t e g r i t y  of  th e  r i g h t  l a b y r i n t h  (a r i g h t  l a b y r in th e c to m y  
was c a r r i e d  o u t  on 3 c a t s ) .
3 . 2 . 3  The p a t t e r n  o f  ne ck r e f l e x e s  in  t h e  musci es
o f  a c u t e  l e f t  hemi l a b y r in t h e c t o m iz e d  c a t s ^
Acute hemilabyrinthectomy
Right limb Left limb 
Extensor Flexor Extensor Flexor
Head rotation  
to r ight \ t i t
Head rotation  
to  l e f t t 1 t 1
T a b le  I I I .  Summary of  e f f e c t s  p roduced  by 
r o t a t i o n s  o f  th e  head on t h e  EMG a c t i v i t y  of  
elbow e x t e n s o r s  and f l e x o r s  i n  a c u te  l e f t  
h e m i l a b y r in th e c to m iz e d  c a t s .  The a r row s  
i n d i c a t e  i n c r e a s e d  or d e c re a s e d  a c t i v i t y .
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In  t h e  p r e v i o u s  s e c t i o n s  t h e  b e h a v io u r  of  fo r e l im b  
m u s c le s  i s  shown to  change fo l lo w in g  l e f t  l a b y r i n t h e c t o m y .
In  t h i s  s e c t i o n  th e  p a t t e r n  of neck r e f l e x e s  w i l l  be 
d e s c r i b e d  f o r  t h i s  p r e p a r a t i o n .  In a l l  t h e  e x p e r im e n ts  
c a r r i e d  o u t  on a c u t e  a n im a ls ,  l e f t  l a b y r i n th e c to m y  never  
a l t e r e d  t h e  p a t t e r n  of neck r e f l e x e s .
As in  t h e  normal i n t a c t  l a b y r i n t h  p r e p a r a t i o n  
r o t a t i o n s  of  t h e  a x i s  v e r t e b r a  to  s i d e - u p  p o s i t i o n s  
r e s u l t e d  i n  t o n i c  i n c r e a s e s  in  t h e  EMG r e c o r d e d  from 
f o r e l i m b  e x t e n s o r s .  Thus a r o t a t i o n  of  t h e  neck to  t h e  l e f t  
r e s u l t s  i n  an i n c r e a s e  in  r i g h t  t r i c e p s  a c t i v i t y  ( see  
i n t e g r a t e d  EMG i n  F ig .  40) w h i le  a r o t a t i o n  of  t h e  neck to  
t h e  r i g h t  evokes  i n c r e a s e d  EMG from th e  l e f t , t r i c e p s  ( see  
i n t e g r a t e d  EMG i n  F ig .  41) . Th is  d e m o n s t r a t i n g  t h a t  
f o l l o w i n g  u n i l a t e r a l  l a b y r in th e c to m y  th e  normal  r e c i p r o c i t y  
be tw een  f o r e l i m b  e x t e n s o r s  of  th e  l e f t  and r i g h t  s i d e s  i s  
m a i n t a i n e d .  S i m i l a r l y ,  t h e  asymmetry in  re s p o n se  to  t i l t s  
o f  o p p o s i t e  d i r e c t i o n s  w i t h i n  one limb i s  p r e s e r v e d ,  t h i s  
i s  i l l u s t r a t e d  i n  th e  r esponse  of t h e  r i g h t  t r i c e p s  to  
s u c c e s s i v e  neck r o t a t i o n s  in  F ig .  42. In t h i s  f i g u r e  
r o t a t i o n  of  t h e  neck to  th e  r i g h t  r e s u l t s  i n  (as ex p ec te d  ) 
a p a r t i a l  s u p p r e s s io n  of EMG a c t i v i t y ,  which l a s t s  u n t i l  
t h e  neck i s  r e t u r n e d  to  th e  m i d - p o s i t i o n ,  su b sequ en t  
r o t a t i o n  of  t h e  neck to  th e  l e f t  shows t h e  o p p o s i t e  
b e h a v i o u r .  With t h i s  r o t a t i o n  th e  r i g h t  e x t e n s o r  shows a 
t o n i c  i n c r e a s e  in  motor o u tp u t .  T h is  typ e  of motor a c t i v i t y  
i s  i d e n t i c a l  to  th e  form of neck r e f l e x e s  r e c o rd e d  from 
c a t s  w i th  i n t a c t  l a b y r i n t h s  and i n d i c a t e s  t h a t  a cu te  









F i g u r e  4 0 .  Normal p a t t e r n  o f  neck r e f l e x  i n  r i g h t  e x t e n s o r  
m u sc le  o f  an a c u t e l y  h e m i l a b y r in th e c to m iz e d  c a t .  R e c t i f i e d  
and i n t e g r a t e d  EMG from t h e  r i g h t  t r i c e p s  (upper  t r a c e )  on 
r o t a t i o n  o f  t h e  a x i s  v e r t e b r a  to  t h e  l e f t  ( lower t r a c e )  : 
( l e f t  h e m i l a b y r in th e c to m y  pe rfo rm ed  im m edia te ly  p r i o r  to  
d e c e r e b r a t i o n .  Cl  & C2 c u t ,  head  f i x e d  i n  normal  
p o s i t i o n ) .
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F i g u r e  4 1 .  Normal p a t t e r n  of .neck r e f l e x  i n  an e x te n s o r  of 
t h e  l e f t  f o r e l i m b  o f  an a c u t e l y  h e m i l a b y r in th e c to m iz e d  
c a t .  R e c t i f i e d  and i n t e g r a t e d  EMG from th e  l e f t  t r i c e p s  
(upper  t r a c e )  on r o t a t i o n  of  th e  a x i s  v e r t e b r a  ( lower 
t r a c e ) : ( l e f t  hem i laby r in th e c to m y  perfo rm ed  im m edia te ly
p r i o r  to  d e c e r e b r a t i o n .  Cl & C2 c u t ,  head f i x e d  in  normal 









F i g u r e  42 .  Normal p a t t e r n  of neck r e f l e x  i n  an e x t e n s o r  of 
t h e  r i g h t  f o r e l i m b  i n  an a c u t e l y  h e m i l a b y r in th e c to m iz e d  
c a t .  EMG from th e  r i g h t  t r i c e p s  (upper t r a c e )  on r o t a t i o n  
o f  t h e  a x i s  v e r t e b r a  (lower t r a c e ) : ( l e f t
h e m i lab y  r i n th e c to m y  perform ed im m edia te ly  p r i o r  to  
d e c e r e b r a t i o n ,  Cl & C2 c u t ,  head f i x e d  i n  normal 
p o s i t i o n ) .
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t h e  neck r e f l e x .
J u s t  as  e x te n s o r  neck r e f l e x e s  app ea r  normal so do 
t h o s e  r e c o r d e d  from th e  f l e x o r  m u sc le s .  T h is  i s  i l l u s t r a t e d  
i n  F i g s .  43 and 44. In F ig .  43 th e  i n t e g r a t e d  EMG of th e  
r i g h t  b i c e p s  i s  shown fo l lo w in g  a neck r o t a t i o n  to  th e  
l e f t .  The consequence  of th e  r o t a t i o n  i s  a c l e a r  d e p r e s s io n  
i n  a c t i v i t y ,  a s  would be e x pec ted  from th e  form of normal 
neck r e f l e x e s  d e p i c t e d  i n  t a b l e  I I .  E q u iv a le n c e  between 
neck r e f l e x e s  i n  t h e  l e f t  b i c e p s  i n  normal and a c u te  
p r e p a r a t i o n s  i s  seen by s tu d y in g  th e  r e f l e x  b e h av io u r  
d e p i c t e d  i n  F i g .  44 .  In  t h i s  example of  neck r e f l e x  
i n f l u e n c e  on f l e x o r  m u s c u la tu re  th e  raw EMG shows a 
d e p r e s s i o n  o f  a c t i v i t y  w i th  r o t a t i o n s  t o  t h e  r i g h t ,  and an 
enhancement  of motor o u tp u t  when th e  t i l t  i s  d i r e c t e d  
tow ard  t h e  l e f t  s i d e  of  th e  an im al .  Comparisons w i th  
r e s p o n s e s  shown in  e a r l i e r  s e c t i o n s  i l l u s t r a t e  t h a t  t h i s  
form o f  r e f l e x  b e h a v io u r  i s  q u a l i t a t i v e l y  t h e  same in  bo th  
a c u t e  and normal p r e p a r a t i o n s .  Thus bo th  f l e x o r  and 
e x t e n s o r  m usc les  of  t h e  same fo r e l im b  respond  r e c i p r o c a l l y  
t o  neck r o t a t i o n s  in  a c u t e l y  h e m i l a b y r in th e c to m iz e d  an im a ls  
( see  F i g .  4 5 ) .  C onsequen t ly  r o t a t i o n  of  th e  neck, 
i r r e s p e c t i v e  of t h e  i n t e g r i t y  of t h e  l a b y r i n t h s  can induce  
e x t e n s i o n  in  one l imb and f l e x i o n  i n  a n o t h e r ,  as
i l l u s t r a t e d  i n  F ig .  46.
The p a t t e r n  of  neck r e f l e x e s  seen  i n  a c u t e l y  l e f t  
h e m i l a b y r i n th e c t o m iz e d  c a t s  i s  summarised i n  t a b l e  IV. In 
t h e  normal animal  t h i s  p a t t e r n  of  a c t i v i t y  r e p r e s e n t s  a 
p a t t e r n  of  r e f l e x  a c t i o n s  t h a t  oppose r e f l e x e s  from t h e  








F i g u r e  43 .  Normal p a t t e r n  o f  neck r e f l e x  i n  t h e  r i g h t  
b i c e p s  o f  an a c u t e l y  h e m i la b y r in th e c to m iz e d  c a t .  R e c t i f i e d  
and i n t e g r a t e d  EMG from t h e  r i g h t  b i c e p s  on r o t a t i o n  of
t h e  a x i s  v e r t e b r a  to  t h e  l e f t  ( lower t r a c e ) :  ( l e f t
h e m i l a b y r in th e c to m y  perform ed im m edia te ly  p r i o r  to
d e c e r e b r a t i o n .  Cl & C2 c u t ,  head f i x e d  i n  normal
p o s i t i o n ) .
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F ig u r e  4 4 .  Normal p a t t e r n  of  neck r e f l e x  i n  t h e  l e f t  
b i c e p s  o f  an a c u t e l y  h e m i la b y r in th e c to m iz e d  c a t .  EMG from 
t h e  l e f t  b i c e p s  on r o t a t i o n  of th e  neck ( a x i s  v e r t e b r a ) : 
( l e f t  h e m i la b y r in th e c to m y  performed im m edia te ly  p r i o r  to  
d e c e r e b r a t i o n ,  Cl & C2 c u t ,  head f i x e d  i n  normal









F i g u r e  4 5 .  Normal p a t t e r n  of r e c i p r o c a l  neck r e f l e x e s  in  
e x t e n s o r  and f l e x o r  muscles  o f  th e  same l imb i n  an 
a c u t e l y  h e m i l a b y r in th e c to m iz e d  c a t .  EMG from t h e  l e f t  
t r i c e p s  (upper  t r a c e )  and l e f t  b ic e p s  (middle  t r a c e )  on 
r o t a t i o n  o f  t h e  neck ( a x i s  v e r t e b r a ,  lower t r a c e ) ;  ( l e f t  
h e m i l a b y r in th e c to m y  performed immedia te ly  p r i o r  to  
d e c e r e b r a t i o n .  Cl & C2 c u t ,  head f i x e d  i n  normal 
p o s i t i o n )  .
Acute hemllabyrlnthectomy
Right limb Left limb 
Extensor Flexor Extensor Flexor
Neck rotation  
to  r ight 1 t f 1
Neck rotation  
to  l e f t l i l t
T a b le  IV. Summary of  e f f e c t s  p roduced  by 
r o t a t i o n s  o f  th e  neck on th e  EMG a c t i v i t y  of 
elbow e x t e n s o r s  and f l e x o r s  i n  a c u t e  l e f t  
h e m i la b y r in th e c to m iz e d  c a t s .  The a rrow s  
i n d i c a t e  i n c r e a s e d  or d e c re a se d  a c t i v i t y .
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t h e  a c u t e  p r e p a r a t i o n  t h i s  i s  no lo n g e r  t r u e  and a  
d i f f e r e n t  p a t t e r n  o f  i n t e r a c t i o n  between l a b y r i n t h  and neck 
r e f l e x e s  i s  s e e n .  The form o f  t h e  i n t e r a c t i o n  between t h e s e  
r e f l e x e s  i n  t h e  a c u t e  p r e p a r a t i o n  i s  g iv en  below.
3 . 2 . É . Th$ i n t e r a c t i on be t ween l a b y r i n t h  and neck r e f l e x e s  
i l l  t h e  a c u t e  p r e p a r a t i o n .
In  t h e  normal an im a l ,  w i th  i n t a c t  l a b y r i n t h s ,  
r e f l e x e s  from t h e  head and neck a c t  i n  o p p o s i t i o n ,  whereas  
i n  t h e  a c u t e  an im al  t h i s  s i t u a t i o n  i s  a l t e r e d .  In  t h e  a c u t e  
a n im a l  t h e  l a b y r i n t h  r e f l e x  i p s i l a t e r a l  t o  t h e  l e s i o n  
a p p e a r s  i n  t h e  same d i r e c t i o n  a s  t h a t  i n  t h e  normal a n im a l .  
As neck r e f l e x e s  i n  t h e  a c u t e  p r e p a r a t i o n  a l s o  appea r  
normal  t h e n  t h e  i n t e r a c t i o n  between neck and head 
i n f l u e n c e s  i n  t h e  l imb i p s i l a t e r a l  t o  t h e  l e s i o n  ( l e f t  
s i d e )  s h o u ld  appea r  norm al .  T h is  an tagon ism  i n  r e f l e x  
r e s p o n s e  r e s u l t i n g  from s i m i l a r l y  d i r e c t e d  r o t a t i o n a l  
movements o f  t h e  head and neck a r e  shown f o r  t h e  l e f t  
b i c e p s  i n  F i g .  47. T h is  f i g u r e  d e m o n s t r a te s  t h e  a b i l i t y  o f  
neck and l a b y r i n t h  r e f l e x e s  to  oppose each o t h e r  i n  t h e  
l e f t  l im b f o l l o w i n g  u n i l a t e r a l  d e s t r u c t i o n  o f  t h e  l e f t  
l a b y r i n t h .  In  F ig .  47a a r o t a t i o n  o f  t h e  head t o  t h e  r i g h t  
( lower  t r a c e )  i n c r e a s e s  th e  EMG of  t h e  l e f t  f l e x o r  (upper  
t r a c e ) , t h i s  l a b y r i n t h  r e f l e x  i s  however su p p re s s e d  on 
su b s e q u e n t  r o t a t i o n  of th e  neck t o  t h e  r i g h t  (middle 
t r a c e ) . The i n c r e a s e d  r e f l e x  re sp o n se  r e a p p e a r s  on 
r e t u r n i n g  t h e  neck to  i t s  o r i g i n a l  p o s i t i o n .  A s i m i l a r  
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F i g u r e  47 .  (a) & (b) Normal p a t t e r n  of  i n t e r a c t i o n  of
l a b y r i n t h  and neck r e f l e x e s  in  t h e  l e f t  b i c e p s  in  an
a c u t e l y  h e m i la b y r in th e c to m iz e d  c a t .  Neck p o s i t i o n  i s
i n d i c a t e d  by t h e  m idd le  t r a c e s  and head p o s i t i o n  by th e
lower  t r a c e s  i n  (a) & ( b ) : ( l e f t  h e m i lab y r in th e c to m y
p e r fo rm ed  im m edia te ly  p r i o r  to  d é c é r é b r a t i o n .  Cl & C2 
c u t )  .
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d i r e c t e d  tow a rd s  t h e  l e f t  (Fig .  47b ) .
In  t h e  r i g h t  l im b ,  t h a t  i s  c o n t r a l a t e r a l  to  th e  
l e s i o n ,  t h e  p a t t e r n  of  l a b y r i n t h  and neck r e f l e x  
i n t e r a c t i o n s  a r e  a l t e r e d  as a r e s u l t  of  th e  
l a b y r i n t h e c t o m y . With th e  r e v e r s a l  i n  t h e  d i r e c t i o n  of  th e  
l a b y r i n t h  r e f l e x  i n  t h e  r i g h t  e x te n s o r  and f l e x o r ,  neck 
r o t a t i o n s  i n  t h e  same d i r e c t i o n  as  head t i l t s  r e s u l t  in  
a d d i t i v e  r e f l e x e s  r a t h e r  than  opposing  ones .  F ig .  48 
i l l u s t r a t e s  how t h i s  a l t e r s  th e  i n t e r a c t i o n  of  l a b y r i n t h  
and neck r e f l e x e s .  I t  can be seen from F ig .  48 t h a t  when a 
l a b y r i n t h  r e f l e x  i s  superimposed on a p r e - e x i s t i n g  neck 
r e f l e x  i n  t h e  r i g h t  t r i c e p s  t h a t  bo th  i n f l u e n c e s  a c t  in  t h e  
same m anner .  The example shows an i n c r e a s e  i n  t h e  r e c t i f i e d  
and i n t e g r a t e d  EMG from th e  e x te n so r  r e s u l t i n g  from a neck 
r o t a t i o n  to  t h e  l e f t  w i th  a f u r t h e r  enhancement in  a c t i v i t y  
when t h e  head i s  t i l t e d  i n  t h e  same d i r e c t i o n .  The r e v e r s e d  
l a b y r i n t h  r e f l e x  can be seen to  s i t  o n - to p  o f  t h e  
p r e - e x i s t i n g  neck r e f l e x  r a t h e r  than  a c t i n g  t o  oppose i t .  A 
s i m i l a r  form of r e f l e x  i n t e r a c t i o n  i s  seen  in  t h e  f l e x o r s  
o f  t h e  r i g h t  l im b .  F ig .  49 shows t h e  e f f e c t  of  neck r e f l e x  
i n t e r a c t i o n  w i th  a r e v e r s e d  l a b y r i n t h  r e f l e x  i n  t h e  r i g h t  
b i c e p s .  In  t h i s  example th e  r o t a t i o n s  a r e  d i r e c t e d  towards  
t h e  r i g h t  and i t  can be seen t h a t ,  a s  w i th  th e  e x t e n s o r  of 
t h i s  l im b ,  t h e r e  i s  a summation of r e f l e x  i n f l u e n c e s .  The 
neck r e f l e x  w i th  i t s  normal form in du c in g  a f u r t h e r  
i n c r e a s e  i n  t h e  motor o u tp u t  of t h i s  m usc le .
In  t h e  a c u t e  h e m i l a b y r i n th e c to m iz e d  c a t  i t  can 
t h e r e f o r e  be concluded  t h a t  i p s i l a t e r a l  to  t h e  l e s i o n  t h e r e  
a r e  no o b v io u s  s ig n s  of r e f l e x  d i s t u r b a n c e ,  though
right tr iceps
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F i g u r e  48 .  Abnormal i n t e r a c t i o n  o f  l a b y r i n t h  and neck 
r e f l e x e s  i n  t h e  r i g h t  t r i c e p s  (upper t r a c e )  o f  an a c u t e l y  
h e m i l a b y r i n th e c t o m iz e d  c a t .  The r e c t i f i e d  and i n t e g r a t e d
EMG i s  shown a lo n g  w i th  neck (middle t r a c e )  and head
(lower  t r a c e )  p o s i t i o n ;  ( l e f t  h e m i lab y r in th e c to m y  
p e r fo rm e d  im m ed ia te ly  p r i o r  to  d e c e r e b r a t i o n .  Cl & C2










F i g u r e  4 9 .  Abnormal i n t e r a c t i o n  of  l a b y r i n t h  and neck 
r e f l e x e s  i n  t h e  r i g h t  b i c e p s  (upper t r a c e )  in  an a c u t e l y  
hem i laby  r i n t h e c t o m i z e d  c a t .  Neck and head p o s i t i o n  a re  
r e p r e s e n t e d  by middle  and lower t r a c e s  r e s p e c t i v e l y ;  ( l e f t  
hem i laby  r i n th e c to m y  performed immedia te ly  p r i o r  t o  
d e c e r e b r a t i o n .  Cl & C2 c u t ) .
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c o n t r a l a t e r a l  t o  t h e  l e s i o n  ( i . e . ,  t h e  i n t a c t  s i d e )  t h e  
l a b y r i n t h  r e f l e x  i s  r e v e r s e d  and t h i s  r e s u l t s  i n  abnormal 
r e f l e x  i n t e r a c t i o n s  w i th  neck r e f l e x e s .  T h is  abnormal 
r e f l e x  i n t e r a c t i o n  would seem a p l a u s i b l e  e x p l a n a t i o n  fo r  
some of  t h e  p o s t u r a l  d i s t u r b a n c e s  seen in  c o n sc io u s  an im a ls  
f o l l o w i n g  t h e  l o s s  of  one l a b y r i n t h .
3.t-21.5 An a l t e r n a t i v e  re s p o n s e p a t t e r n  seen  i n  t h e  l e f t  
f l e x o r  i n  some a c u t e  p r e p a r a t i o n s .
As m en t ioned  e a r l i e r  ( s e c t i o n  3 .2 .2 )  t h e  b e h av io u r  
o f  t h e  l e f t  b i c e p s  in  th e  m a j o r i t y  of  c a t s  f o l l o w in g  l e f t  
l a b y  r i n th e c t o m y  was s i m i l a r  to  t h a t  seen  in  c a t s  w i th  
i n t a c t  l a b y r i n t h s .  T h is  s i t u a t i o n  however was n o t  o b se rv ed  
i n  t h r e e  c a t s  ou t  of th e  group of  a c u te  a n im a l s .  In t h e s e  
t h r e e  c a t s  t h e  l a b y r i n t h  r e f l e x  i n  t h e  l e f t  f l e x o r s  was 
r e v e r s e d .  F i g s .  50 and 51 i l l u s t r a t e  t h e  consequence of  
t h i s  r e v e r s a l  in  beh av iou r  in  terms of th e  r e f l e x  
i n t e r a c t i o n  between t h e  l a b y r i n t h  and neck r e f l e x  sy s te m s .
In  F i g .  50 i t  can be seen t h a t  a head r o t a t i o n  to  t h e  l e f t  
r e s u l t s  i n  s i g n s  of  i n c r e a s e d  muscle  a c t i v i t y ,  whereas in  
t h e  p r e v i o u s l y  r e p o r t e d  exper im en ts  t h i s  muscle  ( l e f t  
b i c e p s )  n o rm a l ly  responds  w i th  a s u p p r e s s io n  i n  EMG. With a 
r o t a t i o n  of  t h e  neck to  th e  l e f t  superimposed upon t h i s  
r e v e r s e d  r e f l e x  t h e  r e s u l t i n g  neck r e f l e x  can be seen  to  
f u r t h e r  i n c r e a s e  th e  motor o u tp u t  of t h e  m usc le .  In t h i s  
example  t h e  neck r e f l e x  i s  added to  t h e  r e v e r s e d  l a b y r i n t h  
r e f l e x .  S i m i l a r  beh av io u r  i s  i l l u s t r a t e d  in  F ig .  51 where a 













F i g u r e  5 0 .  Abnormal and uncommonly observed  i n t e r a c t i o n  of 
l a b y r i n t h  and neck r e f l e x e s  in  th e  l e f t  b i c e p s  (upper 
t r a c e )  r e s u l t i n g  from a r e v e r s a l  in th e  l a b y r i n t h  r e f l e x  i n  
t h i s  m u sc le  in  an a c u t e l y  hemilaby r i n th e c to m iz e d  c a t .  Neck 
and head  p o s i t i o n  shown by middle  and lower t r a c e s  
r e s p e c t i v e l y :  ( l e f t  hem i laby r in thec tom y  pe rfo rm ed
im m e d ia te ly  p r i o r  to  d e c e r e b r a t i o n .  Cl & C2 c u t )  .









F i g u r e  51 .  As f i g u r e  50 (same a n im a l ) .  L a b y r in th  and neck 
r e f l e x e s  i n  l e f t  b i c e p s  of  an a c u t e l y
h e m i l a b y r i n th e c t o m iz e d  c a t :  ( l e f t  hem i laby r in th e c to m y
p e r fo rm ed  im m ed ia te ly  p r i o r  to  d e c e r e b r a t i o n ,  Cl & C2 
c u t )  .
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p r e - e x i s t i n g  neck r e f l e x .
T h i s  form of  l a b y r i n t h  and neck r e f l e x  i n t e r a c t i o n  
i s  s i m i l a r  to  t h e  b e h a v io u r  of  t h e  r i g h t  e x t e n s o r s  i n  a l l  
a c u t e  p r e p a r a t i o n s .  Thus i n  t h e s e  t h r e e  a n im a l s  t h e r e  would 
seem to  be symmetry i n  t h e  b e h a v io u r  of  l e f t  and r i g h t  
e x t e n s o r s  w i t h  t h a t  o b s e r v e d  i n  t h e  l e f t  f l e x o r .  These 
t h r e e  m u sc le  g roups  b e in g  c o - a c t i v a t e d  w i t h  r o t a t i o n s  o f  
t h e  head t o  t h e  l e f t  and s i m u l t a n e o u s l y  s u p p r e s s e d  w i th  
t i l t s  t h a t  a r e  d i r e c t e d  to  t h e  r i g h t  ( t h e  r i g h t  f l e x o r  
b e h a v in g  r e c i p r o c a l l y ) .
H e m i l a b y r i n t h e c to m y , t h e r e f o r e ,  i n  t h e s e  t h r e e  
a n im a l s  has  a f f e c t e d  t h e  b e h a v io u r  of  a l l  m usc le  g roups  
e x c e p t  t h e  l e f t  e x t e n s o r s .  With r e s p e c t  t o  t h e  normal 
p a t t e r n  of  l a b y r i n t h  r e f l e x e s  t h e  l e f t  f l e x o r ,  r i g h t  f l e x o r  
and r i g h t  e x t e n s o r  m u sc le s  show r e v e r s a l s  i n  t h e i r  r e f l e x  
b e h a v i o u r .  Thus i n  t h e s e  t h r e e  a n im a l s  t h e  i n t e r a c t i o n s  
w i th  neck r e f l e x e s  a c t  i n  t h e  same d i r e c t i o n .  I t  would 
a p p e a r  t h e r e f o r e  t h a t  i n  t h e  a n im a l s  showing t h i s  b e h a v io u r  
l e f t  l a b y r i n t h e c t o m y  has  a more p ro fo u n d  e f f e c t  on t h e  
o r g a n i s a t i o n  of  l a b y r i n t h  r e f l e x e s  t h a n  was o b s e r v e d  i n  t h e  
m a j o r i t y  o f  c a s e s .  Why t h i s  sh o u ld  be so i s  n o t  c l e a r ,  
though  i t  i s  s u g g e s t i v e  t h a t  d e s p i t e  o n ly  one l a b y r i n t h  
b e in g  o p e r a t i o n a l  t h a t  s e v e r a l  pa thw ays  r e l a y i n g  l a b y r i n t h  
i n f o r m a t i o n ,  though  a c t i n g  w i t h  d i f f e r e n t  s i g n s ,  a r e  
a v a i l a b l e  and i n  c e r t a i n  c i r c u m s t a n c e s  one may dom ina te  
ove r  t h e  o t h e r ,  and t h i s  may t h e r e f o r e  l e a d  t o  r e v e r s a l  in  
t h e  form of a p a r t i c u l a r  component of  t h e  o v e r a l l  r e s p o n se  
t o  head t i l t .
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.3..t.3.t.Q.-.The pattern of labyrinth and neck reflexes in 
chronj-C^lly—left—henir laby rinthectomized cats.
In this section the pattern of reflex response to 
changes in head and neck position will be described for 
cats in which the left labyrinth was destroyed at least 
eight weeks prior to the experiment.
A total of ten animals were used in this study. Out 
of this number three did not show any signs of labyrinth or 
neck reflex activity. The remaining seven provide the basis 
for the results that will be presented. Before describing 
the reflex activity of these animals a summary of the 
behaviour of the total collection of animals during the 
recovery to labyrinthectomy will be given.
3 . 3 . 1  O b s e r v a t i o n s  on t h e  b eh av iou r  and p h y s i c a l  s i g n s  
accompanying l e f t  hemilaby r in th e c to m y .
On arousal from the sedation, given at the time of 
the operation, all animals developed ocular and head 
nystagmus. The ocular nystagmus is very strong at this time 
and is characterised by a fast component directed 
horizontally to the right with a slow phase directed to the 
left ( ie. toward the lesion). The form of the head 
movements seen in this early period following the operation 
are best described as "nodding movements". The appearance 
of these movements in some ways resemble the form of head 
movements seen in drowsy humans. These movements giving the 
appearance of an inability to support the head adequately.
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Such t h a t ,  i t  f a l l s  fo rward  or to  t h e  s i d e ,  u n t i l  a f t e r  a 
c e r t a i n  e x c u r s i o n  a v i o l e n t  j e r k i n g  movement occu rs  which 
t e n d s  t o  r e s t o r e  head p o s i t i o n  to  normal ,  whereupon th e  
whole  c y c l e  r e p e a t s  i t s e l f .
For t h e  f i r s t  twenty  fou r  ho u rs  a f t e r  su rg e ry  the  
a n im a l s  made l i t t l e  a t t e m p t  to  move, p r e f e r r i n g  to  s l e e p  or 
l i e  q u i e t l y .  When a t t e m p t in g  movement any one animal cou ld  
o n ly  manage one or two bad ly  c o o r d i n a t e d  s t e p s  b e fo re  
f a i l i n g  o v e r .  In  most of th e  c a se s  where I observed  e a r l y  
a t t e m p t s  t o  walk i t  appea red  t h a t  any movement of th e  head 
p r e c i p i t a t e d  a f a l l .  Most f a l l s  be in g  toward th e  l e f t  s i d e  
o f  t h e  a n im a l .  Thus i t  i s  q u i t e  a p p a r e n t  in  th e  p e r io d  
s h o r t l y f o l l o w i n g  hem i lab y r in th e c to m y  t h a t  t h e s e  an im als  a r e  
h a n d ic a p p e d  by n o t  only  b e in g  u n ab le  to  s t a b i l i z e  t h e i r  
v i s u a l  f i e l d ,  b u t  a r e  a l s o  r e n d e red  i n c a p a b l e  of e x e c u t in g  
c o o r d i n a t e d  movements.
W i th in  f o r t y  e i g h t  hours  f o l lo w in g  th e  removal of 
t h e  l a b y r i n t h  th e  o c u la r  nystagmus has  e i t h e r  d i s a p p e a r e d  
or  i s  g r e a t l y  reduced  ( d i s a p p e a r in g  co m p le te ly  in  a l l  
a n im a l s  a f t e r  f i v e  days) and th e  e x a g g e ra te d  movements of 
t h e  head  c e a s e d .  The a t t i t u d e  of t h e  head i s  f a r  from 
n o rm a l ,  and i s  h e ld  t i l t e d  to  one s i d e .  The t i l t  i s  
d i r e c t e d  tow ards  t h e  l e s i o n  and i n  my e x p e r i e n c e  does no t  
r e c o v e r  w i t h  t im e .  An example of t h i s  head t i l t  i s  shown in  
P l a t e  1 ( t h i s  pho tograph  was taken  36 hours  a f t e r  the  
o p e r a t i o n ) .
A f t e r  th e  nystagmus has ceased  an im als  t en d  to  
rem ain  i n a c t i v e ,  a l th o u g h  l e s s  so th an  d u r in g  th e  f i r s t  
day .  When c a t s  make an e f f o r t  to  s t a n d  t h e i r  w e igh t  i s
□ ;
p l a t e  1 .  P h o tog raph  of a c u t e  h e m i l a b y r i n t h e c t o m i z e d  c a t  
I l l u s t r a t i n g  c h a r a c t e r i s t i c  head  t i l t  (36 h o u r s  a f t e r  
l a b y r i n t h e c t o m y ) .
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s u p p o r t e d  o v e r  a wide base  w i th  th e  l imbs h e ld  outwards 
from t h e  body. A lso ,  t h e  body i s  h e ld  low to  th e  ground, 
and i t  i s  common t o  o b se rv e  d i s t i n c t  t rem or  in  th e  l imbs 
d u r i n g  s t a n d i n g .  From such a p o s i t i o n  any e x p l o r a t o r y  
movements were o b se rv ed  to  be j e r k y  and i n a c c u r a t e .  V isua l  
t r a c k i n g  was a l s o  im p a i r e d ,  in  t h a t  when an o b j e c t  ( u s u a l ly  
a to y  mouse) was moved th rough  a l a r g e  e x c u r s io n  which 
r e q u i r e d  movements o f  th e  head to  m a in t a in  v i s u a l  c o n t a c t  
t h e  head  movement would r e s u l t  in  th e  c a t  b e ing  thrown onto  
i t s  s i d e .
As m en t ion ed  above c a t s  tended  to  f a l l  toward  th e  
o p e r a t e d  s i d e ,  i f  p r e s s u r e  was a p p l i e d  to  t h e  l e f t  s i d e  of 
t h e s e  a n im a l s  (as  i f  t o  push to  th e  r i g h t )  c o n s i d e r a b l e  
r e s i s t a n c e  was met .  The e x t e n s o r s  of t h e  r i g h t  s i d e  showing 
c o n s i d e r a b l y  more to ne  than  th o se  of t h e  l e f t .  In  many 
i n s t a n c e s  c a t s  would use th e  s id e  of t h e i r  cage or a w a l l  
a s  a s u p p o r t  t o  t h e  l e f t  s i d e  and by do ing  t h i s  were a b l e  
t o  move a round  w i t h o u t  f a l l i n g  ov e r .
W i th in  t h e  f i r s t  p o s t - o p e r a t i v e  week, each day saw 
t h e  c a t s  become more l i v e l y ,  and a t  t h e  end of t h i s  p e r io d  
most c a t s  were a b l e  to  move around q u i t e  e f f e c t i v e l y  in  
b o th  t h e i r  cages  and i n  t h e  l a b o r a t o r y .  Although locom ot ion  
was p o s s i b l e ,  t h e r e  were s t i l l  a p p a re n t  d i f f e r e n c e s  from 
n o rm al .  The a n im a l s  d u r in g  w a lk ing  would walk w i th  the  
l im b s  s l i g h t l y  s p la y e d  from th e  body and keep low to  th e  
g ro u nd .  The g a i t  was a l s o  abnormal in  t h a t  th e  whole of  th e  
h in d  f o o t  was used r a t h e r  than  th e  t o e s  d u r in g  th e  s u p p o r t  
p h a s e .  An id e a  of  t h e  d i f f e r e n c e s  in  g a i t  can be seen  by 
comparing  t h e  p h o to g ra p h s  of  th e  normal and
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h e m i l a b y r i n t h e c t o m i z e d  c a t  in  P l a t e s  2 and 3. In the  
l ab y  r i n t h e c t o m i z e d  c a t  th e  head t i l t  and th e  wide and low 
s t a n c e  a r e  c l e a r l y  seen .
P o s t u r a l  d e f i c i t s  a re  a l s o  a p p a re n t  when c a t s ,  
t h r o u g h  t h e i r  own c u r i o s i t y ,  a re  r e q u i r e d  to  jump from one 
s u r f a c e  to  a lower one. On la n d in g  th e  c a t s  u s u a l ly  f a l l  on 
t h e i r  f a c e  and t h e n  onto  t h e i r  s i d e .  Appearances su g g e s t in g  
t h a t  f o r e l i m b  to n e  b e f o r e  and d u r in g  l a n d i n g  i s  not  
s u f f i c i e n t  to  p r e v e n t  th e  c o l l a p s e  of the  an im al .
In  t h e  weeks fo l lo w in g  t h i s  e a r l y  p e r i o d  th e  
p o s t u r a l  d e f i c i t s  d im in i s h ,  though i f  suddenly  s u r p r i s e d  by 
a sound from one s i d e  a qu ick  head movement can cause a 
l o s s  o f  b a l a n c e .  S i m i l a r l y  jumps a re  a l s o  c ap a b le  of 
c o u r t i n g  d i s a s t e r .  However, g iven  s u f f i c i e n t  t ime i t  
becomes i n c r e a s i n g l y  d i f f i c u l t  to  d i s t i n g u i s h  th e s e  c a t s  
from normal  c a t s ,  t h e  appea rance  of t h e s e  an im als  fo l lo w in g  
two months of rec o v e ry  i s  such t h a t  even th e s e  long  l a s t i n g  
d e f i c i t s  a r e  compensated fo r  in  most r e s p e c t s ,  a l th o u g h  i t  
sh o u ld  be r e s t a t e d  t h a t  head t i l t  p e r s i s t s .
3 . 3 . 2  R e f l e x  r e a c t i o n s  t o  a l t e r a t i o n s  in  head a n d /o r  neck 
p o s i t i o n  i n  c h r o n i c  h e m i l a b v r i n t h e c t omized p r e p a r a t i o n s .
The p r e v i o u s  s e c t i o n  has d e a l t  wi th  how, g iven  
t im e ,  t h e  o b s e r v a b l e  p o s t u r a l  d e f i c i t s  fo l lo w in g  u n i l a t e r a l  
l a b y r i n t h e c t o m y  d i m i n i s h .  In t h i s  s e c t i o n  th e  r e f l e x  
r e a c t i o n s  to  head and neck t i l t s  of v a r io u s  fo re l im b  
m usc le s  a r e  d e c r i b e d  in  th e  'com pensa ted '  an im al .
In  t h e  seven e x p er im en ts  t h a t  these  r e s u l t s  a re
/P l a t e  2 .  P h o to g ra p h  of a normal c a t  w a lk in g .
mmm
- '
P l a t e  3 .  P ho to g rap h  of  h e m i l a b y r i n t h e c t o m i z e d  c a t  
w a lk in g  (2 days  a f t e r  l a b y r i n t h e c t o m y ) .
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b a se d  upon a l l  c a t s  on d e c e r e b r a t i o n  d i s p l a y e d  an asymmetry 
i n  r i g i d i t y .  The l im b s  on t h e  l e f t  s i d e  showing i n t e n s e  
e x t e n s o r  r i g i d i t y  and t h e  l im bs on t h e  r i g h t  s i d e  
d i s p l a y i n g  l i t t l e  e x t e n s o r  tone  but  c o n s i d e r a b l e  f l e x o r  
a c t i v i t y .  The u n r e s t r a i n e d  d e c e r e b r a t e  assuming t h e  p o s t u r e  
o f  an a n im a l  s t a n d i n g ,  s i d e  on, upon a g r a d i e n t  s l o p i n g  to  
t h e  l e f t .  T h is  d i s t r i b u t i o n  of  r i g i d i t y  i s  o p p o s i t e  to  t h a t  
e n c o u n t e r e d  i n  a c u t e  h e m i l a b y r in th e c to m iz e d  a n im a l s  where 
t h e r e  i s  a l o s s  o f  e x te n s o r  r i g i d i t y  on t h e  s i d e  of  t h e  
l e s i o n  ( l e f t  s i d e ) .
A l l  seven c a t s  showed th e  normal p a t t e r n  of 
l a b y r i n t h  r e f l e x e s  i n  t h e  e x te n s o r  m usc les  of t h e  r i g h t  and 
l e f t  f o r e l i m b s  d u r in g  th e  co u rse  of an i n d i v i d u a l  
e x p e r im e n t .  F i g .  52 shows t h e  r esponse  of t h e  r i g h t  m ed ia l  
t r i c e p s  t o  a head r o t a t i o n  to  th e  l e f t  (Cl and C2 c u t ,  a x i s  
v e r t e b r a  c l a m p e d ) . The EMG t r a c e  c l e a r l y  shows t h e  
s i l e n c i n g  o f  a s i n g l e  motor u n i t  d u r in g  t h e  p e r i o d  of  t h e  
t i l t  and i t s  su d s e q u e n t  re a p p e a ra n c e  on r e t u r n i n g  t h e  head 
toward  t h e  s t a r t i n g  p o s i t i o n .  This  ty p e  of  b e h a v io u r  i s  
i d e n t i c a l  i n  form to  t h a t  of r i g h t  e x t e n s o r s  in  c a t s  w i th  
two f u n c t i o n i n g  l a b y r i n t h s  and i s  i n  t h e  o p p o s i t e  d i r e c t i o n  
t o  r e f l e x e s  seen  i n  t h e s e  m usc les  i n  a c u t e  p r e p a r a t i o n s .  As 
in  n o rm a l ,  and a c u t e  a n im a l s ,  t h e  l e f t  e x te n s o r  m usc les  
show i n c r e a s e d  motor o u tp u t  w i th  head r o t a t i o n s  to  th e  
l e f t .  F i g .  53 shows such an i n c r e a s e d  d i s c h a r g e  in  t h e  l e f t  
t r i c e p s  f o l l o w i n g  r o t a t i o n  of  th e  head to  th e  l e f t .  T h is  
t o n i c  r e s p o n s e  i s  t h e r e f o r e  a c t i n g  r e c i p r o c a l l y  to  t h a t  
o p e r a t i n g  i n  t h e  r i g h t  e x t e n s o r  f o l lo w in g  head r o t a t i o n s .
The l a b y r i n t h  r e f l e x e s  a c t i n g  on f o r e l im b  e x t e n s o r s
30 right




F ig u re  52 .  EMG from th e  r i g h t  t r i c e p s  (upper t r a c e )  on 
head r o t a t i o n  i n  a c h r o n i c a l l y  h e m i la b y r in th e c to m iz e d  c a t :  
( l e f t  h e m i l a b y r i n th e c t o m y  c a r r i e d  ou t  8 weeks p r i o r  to  
d e c e r e b r a t i o n ,  Cl & C2 c u t ,  a x i s  v e r t e b r a  clamped) .
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c l o s e l y  p a r a l l e l  t h o s e  o b se rv ed  i n  normal  c a t s  d e s p i t e  th e  
l o s s  of  one l a b y r i n t h .  Neck r o t a t i o n s  a l s o  a c t  as  normal ,  
i n  t h a t ,  r o t a t i o n  of  t h e  a x i s  v e r t e b r a  c a u se s  r e c i p r o c a l  
a c t i v i t y  t h a t  a c t s  in  an a n t a g o n i s t i c  d i r e c t i o n  to  
l a b y r i n t h i n e  r e f l e x e s .  T h is  i s  i l l u s t r a t e d  f o r  t h e  r i g h t  
e x t e n s o r  i n  F i g .  54 and f o r  t h e  l e f t  e x t e n s o r  in  F ig .  55 .
In  F i g .  54 a r o t a t i o n  of  t h e  neck to  t h e  r i g h t  s i l e n c e s  
p r e - e x i s t i n g  EMG a c t i v i t y  in  t h e  r i g h t  t r i c e p s ,  bu t  on
s u b s e q u e n t  head  t i l t  i n  t h e  same d i r e c t i o n  t h i s  EMG
a c t i v i t y  i s  r e - e s t a b l i s h e d .  The re s p o n se  shown i n  F i g .  55 
d e p i c t s  a s i m i l a r  an tagon ism  between l a b y r i n t h  and neck 
r e f l e x e s  i n  t h e  l e f t  t r i c e p s  (medial  head) . The raw EMG and 
t h e  r e c t i f i e d  and i n t e g r a t e d  EMG a r e  i l l u s t r a t e d ,  t h e  
f i g u r e  shows a d i s t i n c t  l a b y r i n t h  r e f l e x  b e in g  a b o l i s h e d  by 
th e  a c t i o n  of  a neck r e f l e x .  R o t a t i o n  of  th e  head to  t h e  
l e f t  i s  s e en  t o  c au se  an i n c r e a s e  i n  EMG from t h i s  m usc le ,  
t h i s  i n c r e a s e  i s  t h e n  s u b s e q u e n t ly  n e g a te d  f o l l o w in g  a 
r o t a t i o n  o f  t h e  a x i s  v e r t e b r a  to  t h e  l e f t .  On su b s e q u e n t ly  
r e t u r n i n g  t h e  a x i s  t o  i t s  p r e v i o u s  p o s i t i o n  t h e  l a b y r i n t h  
r e f l e x  i s  a g a i n  r e v e a l e d ,  t h e  r e f l e x  m a i n t a i n i n g  u n t i l  t h e  
head i s  r e t u r n e d  to  i t s  o r i g i n a l  p o s i t i o n .  The
d e m o n s t r a t i o n  o f  t h i s  an tagon ism  between l a b y r i n t h  and neck
r e f l e x  sy s te m s  e s t a b l i s h e s  t h a t  in  t h e s e  a n im a ls  th e  normal 
p a t t e r n  of  l a b y r i n t h  r e f l e x e s  e x i s t s  and th e  form of 
i n t e r a c t i o n  w i t h  t h e s e  r e f l e x e s  i s  e v id e n ce  f o r  th e  
e x i s t e n c e  of  a com pensa to ry  mechanism. The compensa t ion  
o p e r a t i n g  t o  a l lo w  th e  rem a in ing  l a b y r i n t h  to  i n f l u e n c e  th e  
e x t e n s o r  m u s c u l a t u r e  in  a r e c i p r o c a l  manner t h a t  i s  
a p p r o p r i a t e  f o r  t h e  development  o f  asymmetr ic  r e f l e x e s .
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F ig u r e  5 4 .  Normal p a t t e r n  of l a b y r i n t h  and neck r e f l e x e s  
i n  t h e  r i g h t  t r i c e p s  (upper  t r a c e )  o f  a c h r o n i c a l l y  
h e m i l a b y r i n t h e c t o m i z e d  c a t .  Neck and head p o s i t i o n  a re  
shown by t h e  m idd le  and lower t r a c e s  r e s p e c t i v e l y :  ( l e f t  
h e m i l a b y r i n th e c t o m y  perform ed 12 weeks p r i o r  to  
d e c e r e b r a t i o n .  Cl & C2 c u t ) .
200pV l e f t  triceps
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F ig u r e  5 5 .  Normal p a t t e r n  of  i n t e r a c t i o n  between l a b y r i n t h  
and neck r e f l e x e s  in  t h e  l e f t  t r i c e p s  (raw EMG i s
i l l u s t r a t e d  a lo n g  w i th  th e  r e c t i f i e d  and i n t e g r a t e d  EMG in  
t h e  upper  two t r a c e s ) . Neck and head p o s i t i o n  a re  shown by 
t h e  lower  t r a c e s :  ( l e f t  h e m i lab y r in th e c to m y  pe r fo rm ed  32
weeks p r i o r  to  d e c e r e b r a t i o n .  Cl & C2 c u t ) ,
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The r e l a t i o n s h i p  between t h e  a c t i v i t y  induced  in  
t h e  l e f t  e x t e n s o r  and in  th e  r i g h t  f l e x o r  i s  a l s o  as  found 
i n  p r e p a r a t i o n s  w i th  i n t a c t  l a b y r i n t h s .  F i g .  56 shows th e  
EMG r e c o r d e d  from th e  l e f t  t r i c e p s  ( top  t r a c e )  and r i g h t  
b i c e p s  d u r i n g  s u c c e s s i v e  t i l t s  of  t h e  head t o  t h e  l e f t .  The 
f i g u r e  i l l u s t r a t e s  t h a t  t h e s e  muscles  a r e  sy n c h ro n o u s ly  
a c t i v e  on head  t i l t s  l e f t  s ide-down.  The r i g h t  l imb 
becoming f l e x e d  d u r in g  r o t a t i o n s  of th e  head to  t h e  l e f t .  
With r o t a t i o n s  t o  t h e  r i g h t  t h e  a c t i v i t y  in  t h e  r i g h t  
f l e x o r  d i m i n i s h e s .  Thus th e  r i g h t  f l e x o r  behaves  w i th  th e  
normal form of  r e s p o n se  to  head t i l t s .
F i g .  57 shows t h e  p a t t e r n  of  r e f l e x e s  i n  t h e  r i g h t  
b r a c h i a l i s .  With r o t a t i o n  of  th e  head to  t h e  r i g h t  t h e r e  i s  
a s u p p r e s s i o n  o f  EMG a c t i v i t y  w h i le  a t o n i c  i n c r e a s e  in  
a c t i v i t y  accom pan ies  t i l t s  d i r e c t e d  towards  t h e  l e f t .  T h is  
form o f  l a b y r i n t h  r e f l e x  r e p r e s e n t s  a r e v e r s a l  in  t h e  
d i r e c t i o n  o f  r e s p o n s e  from t h a t  obse rved  i n  t h e  a c u t e  
a n im a l ,  w i t h  t h i s  r e t u r n  to  th e  normal p a t t e r n  of  l a b y r i n t h  
r e f l e x  t h e  r e f l e x  i n t e r a c t i o n  between neck and l a b y r i n t h  
r e f l e x e s ,  a s  i l l u s t r a t e d  in  F ig .  58,  app ea r  normal .  The 
f i g u r e  d e p i c t s  a l a r g e  i n c r e a s e  in  EMG on head r o t a t i o n  to  
t h e  l e f t .  T h i s  i n c r e s e  i s  however i n t e r r u p t e d  by neck 
r o t a t i o n  t o  t h e  l e f t ,  which a c t s  to  s u p p re s s  th e  e x i s t i n g  
l a b y r i n t h  r e f l e x .  The an tagonism  betweeen neck and 
l a b y r i n t h  r e f l e x e s  a c t i n g  on th e  r i g h t  f l e x o r s  i s  e a s i l y  
o b s e rv e d  i n  t h i s  f i g u r e  (58) and h i g h l i g h t s ,  how, th ro u g h  
t ime t h e  l a b y r i n t h  r e f l e x  i s  r e - e s t a b l i s h e d  to  p r o v id e  a 
normal form of  r e f l e x  i n t e r a c t i o n  in  r i g h t  f l e x o r s .










F ig u r e  5 6 .  C o - a c t i v a t i o n  of  l e f t  t r i c e p s  ( top  t r a c e )  and 
r i g h t  b i c e p s  (m iddle  t r a c e )  on r o t a t i o n  of  th e  head i n  a 
c h r o n i c a l l y  h e m i l a b y r in th e c to m iz e d  c a t :  _ ( l e f t
h e m i l a b y r i n th e c t o m y  pe rform ed 8 weeks p r i o r  to  








F ig u re  5 7 .  Normal p a t t e r n  of l a b y r i n t h  r e f l e x  i n  t h e  r i g h t  
b r a c h i a l i s  ( to p  t r a c e )  on r o t a t i o n  of  th e  head (bottom 
t r a c e )  i n  a c h r o n i c  h e m i l a b y r in th e c to m iz e d  c a t :  ( l e f t
h e m i l a b y r in th e c to m y  pe rform ed 14 weeks p r i o r  to  











F ig u re  5 8 .  Normal form of i n t e r a c t i o n  between l a b y r i n t h  
and neck r e f l e x e s  in  th e  r i g h t  b ic e p s  (upper t r a c e )  o f  a 
c h r o n i c a l l y  h e m i l a b y r in th e c to m iz e d  c a t  on r o t a t i o n  of  th e  
neck (m id d le  t r a c e )  and of the  head (lower t r a c e ) :  ( l e f t  
h e m i l a b y r in th e c to m y  perform ed 14 weeks p r i o r  to  
d e c e r e b r a t i o n ,  Cl & C2 c u t ) .
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e x t e n s o r  and f l e x o r s  can be seen from t h e  above r e s u l t s  to  
c l o s e l y  c o r r e s p o n d  w i t h  th e  d i r e c t i o n  of  r e s p o n s e s  o b t a i n e d  
i n  normal  c a t s  f o l l o w i n g  head or neck r o t a t i o n .
I n t u i t i v e l y ,  one m igh t  t h e r e f o r e  e x pec t  t h a t  t h e  l e f t  
f l e x o r  would a l s o  conform to  t h i s  scheme and a c t ,  i n  te rm s  
o f  motor o u t p u t ,  i n  a manner e q u i v a l e n t  to  what i s  o bse rv ed  
i n  c a t s  w i t h  i n t a c t  l a b y r i n t h s .  The a c t u a l  r e s p o n s e s  
o b s e r v e d  i n  t h e  l e f t  f l e x o r s  a re  o u t l i n e d  below.
Of t h e  seven  an im a ls  in  which s ig n s  of  p o s i t i o n a l  
r e f l e x e s  c o u ld  be o b se rv e d ,  t h r e e  d id  n o t  show any s i g n  of  
l a b y r i n t h  or neck r e f l e x  a c t i v i t y  in  f l e x o r  m usc les  o f  th e  
l e f t  f o r e l i m b .  In  t h e s e  an im a ls  t h e  d eg ree  of e x te n s o r  
r i g i d i t y  was v e ry  h igh  on th e  l e f t  s i d e ,  and i t  i s  p r o b a b l e  
t h a t  no r e f l e x e s  were  seen in  t h e s e  m usc les  due to  h igh  
l e v e l s  o f  r e c i p r o c a l  i n h i b i t i o n .  The l a c k  of any 
sp o n ta n e o u s  EMG i n  t h e  f l e x o r s  of  t h e s e  c a t s  would seem to  
s u p p o r t  t h i s  v iew .  However in  fo u r  c a t s  a c t i v i t y  c o u ld  be 
r e c o r d e d  i n  t h e  l e f t  f l e x o r s ,  bu t  u n e x p ec te d ly  th e  a c t i v i t y  
changes  seen  d u r in g  head t i l t s  were r e v e r s e d  from th e  
normal p a t t e r n .  F i g .  59 shows an example of th e  a c t i v i t y  
changes  o b s e r v e d  i n  l e f t  b i c e p s  f o l lo w in g  r o t a t i o n s  of  t h e  
head .  From t h i s  f i g u r e  i t  i s  seen  t h a t  r o t a t i o n  to  th e  l e f t  
i n c r e a s e s  EMG o u t p u t ,  w h i l e  r o t a t i o n  to  th e  r i g h t  has t h e  
o p p o s i t e  e f f e c t .  T h is  b e h av iou r  i s  o p p o s i t e  to  t h a t  of a 
normal c a t ,  and t o  t h a t  seen in  th e  m a j o r i t y  of a c u te  
h e m i l a b y r i n t h e c t o m i z e d  c a t s .  C onsequen t ly  i t  would be 
e x p e c te d  t h a t  head r o t a t i o n s  would i n f l u e n c e  r i g h t  and l e f t  
f l e x o r s  i n  c h r o n i c  a n im a ls  in  t h e  same se n se .  S i m i l a r l y ,  i t  
would a l s o  be e x p e c te d  t h a t  th e  l e f t  e x te n s o r  would become
IOOjjV [
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F ig u re  5 9 .  R eversed  p a t t e r n  of l a b y r i n t h  r e f l e x  i n  th e  
l e f t  b i c e p s  (upper t r a c e )  of  a c h r o n i c a l l y  
h e m i l a b y r i n t h e c t o m i z e d  c a t  on r o t a t i o n  of th e  head ( lower 
t r a c e )  : ( l e f t  hem i laby r in th ec to iny  perform ed 32 weeks p r i o r
to  d e c e r e b r a t i o n ,  Cl & C2 c u t ,  a x i s  v e r t e b r a  c lam ped) .
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a c t i v e  t o g e t h e r  w i th  t h e  l e f t  f l e x o r  d u r in g  s ide-down 
t i l t s .  A r e v e r s e d  l a b y r i n t h  r e f l e x  i n  t h e  l e f t  f l e x o r s  
a l s o ,  a s  can be seen  i n  o t h e r  m usc les  i n  a c u t e  a n im a l s ,  has  
s t r o n g  i m p l i c a t i o n s  f o r  th e  p a t t e r n  of  r e f l e x  i n t e r a c t i o n  
w i th  neck r e f l e x e s  a c t i n g  on t h i s  m usc le .  In t h e  fo l lo w in g  
f i g u r e s  t h e  r e f l e x  o u t p u t  of th e  l e f t  f l e x o r s  d u r in g  head 
and neck r o t a t i o n s  w i l l  be compared w i th  r e s p o n s e s  r e c o rd ed  
s i m u l t a n e o u s l y  from o t h e r  m usc le s .
F i g .  59 i l l u s t r a t e d  t h a t  r o t a t i o n s  of  t h e  head to  
t h e  l e f t  c a u se d  i n c r e a s e d  EMG from th e  l e f t  f l e x o r ,  i n  F ig .  
60 s i m i l a r  b e h a v io u r  i s  shown in  t h e  r e c t i f i e d  and 
i n t e g r a t e d  EMG r e c o r d .  In t h i s  f i g u r e  th e  r e sp on se  r e c o rd e d  
from th e  r i g h t  b i c e p s  i s  a l s o  shown. The f i g u r e  i l l u s t r a t e s  
t h e  i n t e r a c t i o n  o f  l a b y r i n t h  and neck r e f l e x e s  i n  t h e s e  two 
m u s c le s .  As seen  i n  p r e v i o u s  F i g s .  (55, 56 & 57) t h e  r i g h t  
f l e x o r  shows an i n c r e a s e d  o u tp u t  w i th  head t i l t  t o  t h e  l e f t  
and a s u b s e q u e n t  r e d u c t i o n  in  o u tp u t  when a neck r o t a t i o n  
to  t h e  l e f t  i s  added .  The b e h av iou r  of t h e  l e f t  b i c e p s  on 
head r o t a t i o n  i s  r e v e r s e d  from normal w i th  the  i n t e g r a t e d  
EMG showing an i n c r e a s e  in  a c t i v i t y  on r o t a t i n g  t h e  head to  
t h e  l e f t .  With t h e  a d d i t i o n  of a neck r o t a t i o n  t h e r e  i s  a 
r e d u c t i o n  i n  motor a c t i v i t y  such t h a t  t h e  response  in  t h e  
l e f t  f l e x o r  (F ig .  60 ,  lower EMG t r a c e )  resem bles  t h a t  seen 
in  t h e  r i g h t  f l e x o r  (F ig .  60, upper EMG t r a c e ) .  T h is  form 
of i n t e r a c t i o n  i n  t h e  l e f t  f l e x o r  between l a b y r i n t h  and 
neck r e f l e x e s  i s  i n d i c a t i v e  t h a t  in  a d d i t i o n  to  a r e v e r s a l  
in  t h e  d i r e c t i o n  of th e  l a b y r i n t h  r e f l e x ,  a r e v e r s a l  in  t h e  
neck r e f l e x  a c t i n g  on t h i s  muscle  has  a l s o  o c c u r re d  in  t h e  
com pensa tory  p r o c e s s .  In  a c u t e  p r e p a r a t i o n s  examples of
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F ig u re  60 .  I n t e r a c t i o n  of  l a b y r i n t h  and neck r e f l e x e s  in  
th e  r i g h t  and l e f t  b i c e p s  i n  a compensated 
hemilaby r i n t h e c t o m i z e d  c a t .  Note t h a t  i n  th e  l e f t  b i c e p s  
t h e  l a b y r i n t h  and neck r e f l e x  i s  r e v e r s e d  i n  comparison to  
th e  normal  p a t t e r n .  R e c t i f i e d  and i n t e g r a t e d  EMG r e c o r d e d  
from r i g h t  and l e f t  b i c e p s  on independan t  r o t a t i o n s  of  t h e  
head and a x i s  v e r t e b r a :  ( l e f t  h e m i la b y r in th e c to m y
perfo rm ed  14 weeks p r i o r  to  d e c e r e b r a t i o n .  Cl & 02 c u t ) .
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r e v e r s e d  l a b y r i n t h  r e f l e x e s  in  t h e  l e f t  f l e x o r s  were 
o c c a s i o n a l l y  o b se rv e d  however,  i n  a l l  t h e s e  examples th e  
a d d i t i o n  o f  a neck t i l t  t o  th e  l e f t  r e s u l t e d  in  f u r t h e r  
i n c r e a s e s  i n  EMG a c t i v i t y  (see  F i g s .  50 and 51) . While in  
t h i s  exam ple  b o th  l a b y r i n t h  and neck r e f l e x e s  have r e v e r s e d  
and so p r e s e r v e d  t h e  ' n o r m a l '  an tagonism  between t h e s e  
r e f l e x  s y s t e m s .  C o nseq u e n t ly  a head r o t a t i o n  r e s u l t s  i n  
sy m m e t r i c a l  changes  in  a c t i v i t y  between f l e x o r s  and 
e x t e n s o r s  o f  t h e  l e f t  l im b ,  w i th  neck r e f l e x e s  a l s o  a c t i n g  
s y n e r g i s t i c a l l y  ( though  a n t a g o n i s t i c  to  l a b y r i n t h  r e f l e x e s )  
on t h e s e  m u s c le s .  Thus head t i l t s  may a c t  to  m odula te  th e  
s t i f f n e s s  o f  t h e  l e f t  l imb th rough  c o - a c t i v a t i o n  of 
e x t e n s o r  and f l e x o r s  r a t h e r  than  a l t e r i n g  t h e  d i s t r i b u t i o n  
of  to n e  th r o u g h  a r e c i p r o c a l  r e l a t i o n s h i p .  In a d d i t i o n  
s i n c e  t h e  neck r e f l e x  a l s o  ap p ea rs  t o  a c t  on t h e s e  m usc les  
p o s t u r a l  s t a b i l i t y  can s t i l l  be m a in ta in e d  though a c t i n g  
t h r o u g h  a d i f f e r e n t  s t r a t e g y  than  in  normal c a t s .
In  f u r t h e r  s u p p o r t  fo r  t h i s  scheme of i n t e r a c t i o n s  
between f l e x o r  and e x t e n s o r  in  th e  l e f t  limb i t  was n o t i c e d  
in  t h r e e  o f  t h e  c h r o n i c  an im als  t h a t  a head t i l t  cou ld  
induce  lo co m o to r  l i k e  a c t i v i t y  in  f o r e l im b  m u sc le s .  Records 
from such a c t i v i t y  show t h a t  when r e c o r d in g  from o p p o s i t e  
l im b s ,  b u r s t s  o f  EMG co u ld  be seen .  These p h a s i c  EMG c y c l e s  
were in d u c e d  by t i l t i n g  t h e  head to  th e  r i g h t  and cou ld  be 
t e r m i n a t e d  by r e t u r n i n g  t h e  head to  th e  s t a r t i n g  p o s i t i o n .  
F ig .  61 i l l u s t r a t e s  such a c t i v i t y  w i t h in  th e  r i g h t  ( top  EMG 
t r a c e )  and l e f t  ( lower EMG t r a c e )  t r i c e p s .  From t h i s  f i g u r e  
the  b u r s t s  o f  a c t i v i t y  can be seen to  be ou t  of phase  in  












F ig u r e  61 .  P h a s i c  EMG b u r s t s  induced in  f o r e l im b  e x t e n s o r s  
by r o t a t i o n  o f  th e  head .  EMG rec o rd e d  from r i g h t  (upper 
EMG t r a c e )  and l e f t  ( lower EMG t r a c e )  t r i c e p s  on r o t a t i o n  
of t h e  head  to  t h e  l e f t  (lower t r a c e )  in  a c h r o n i c a l l y  
l e f t  h em i lab y  r i n t h e c t o m i s e d  c a t .  Note t h a t  EMG b u r s t s  
occu r  o u t - o f - p h a s e  i n  t h e  d i f f e r e n t  m u sc le s :  ( l e f t
h e m i l a b y r in th e c to m y  perfo rm ed  18 weeks p r i o r  to
d e c e r e b r a t i o n .  Cl & C2 c u t ,  a x i s  v e r t e b r a  c la m p e d ) .
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r e s u l t i n g  i n  a l t e r n a t i n g  e x te n s io n  of  r i g h t  and l e f t  
f o r e l i m b s .  F u r th e r m o r e  i t  would appear  t h a t  i n  t h e  l e f t  
l im b t h e  b u r s t s  o f  a c t i v i t y  a r i s e  from th e  r e c r u i t m e n t  of 
p r e v i o u s l y  s i l e n t  motor u n i t s ,  w h i le  i n  t h e  r i g h t  l imb th e  
a p p e a ra n c e  o f  t h e  EMG i s  s u g g e s t i v e  of motor u n i t s  which 
were a c t i v e  p r i o r  to  t h e  head t i l t  becoming p e r i o d i c a l l y  
s i l e n c e d .  In  t h i s  way a p a r a l l e l  between t o n i c  l a b y r i n t h  
r e f l e x e s  can be s e e n ,  t h e  head r o t a t i o n  t h u s  may be a c t i n g  
a s y m m e t r i c a l l y  on t h e  o p p o s i t e  e x t e n s o r s .  B ea r ing  t h i s  in  
mind, when t h e  EMG i s  r ec o rd ed  s im u l t a n e o u s ly  from l e f t  
t r i c e p s  and l e f t  b i c e p s  d u r in g  t h i s  ty pe  of b e h a v io u r ,  one 
f i n d s  t h a t  r a t h e r  t h a n  a r e c i p r o c a l  r e l a t i o n s h i p  of  
e x t e n s i o n  f o l l o w e d  by f l e x i o n  t h e r e  i s  c o - a c t i v a t i o n  of 
t h e s e  n o r m a l ly  a n t a g o n i s t i c  m usc le s .  An example of t h i s  i s  
i l l u s t r a t e d  i n  F i g .  62 .  In t h i s  f i g u r e  a head t i l t  t o  t h e  
l e f t  i s  a g a i n  seen  t o  induce  p h a s ic  b u r s t s  of  EMG a c t i v i t y .  
These b u r s t s  o f  EMG c e a s i n g  when th e  head i s  r e t u r n e d  to  
th e  normal  p o s i t i o n .  The EMG from th e  l e f t  t r i c e p s  i s  shown 
by t h e  t o p  t r a c e  w h i l e  t h a t  from t h e  l e f t  b i c e p s  i s  shown 
im m e d ia te ly  be low .  C l e a r l y  the  EMG b u r s t s  a r e  phase  lo ck e d  
to  one a n o t h e r  i n d i c a t i n g  a s y n c h r o n i s a t i o n  of a c t i v i t y  in  
f l e x o r  and e x t e n s o r  d u r in g  th e  head t i l t  to  th e  l e f t .  
I n t e r e s t i n g l y  t h e s e  p h a s i c  b u r s t s  of a c t i v i t y  a r e  
s u p p r e s s e d  by neck r o t a t i o n  to  th e  l e f t .  T h is  i s  
i l l u s t r a t e d  i n  F i g .  63 .  Fol lowing head r o t a t i o n  to  t h e  l e f t  
th e  EMG from th e  l e f t  t r i c e p s  and b ice p s  (upper and lower 
EMG t r a c e s  r e s p e c t i v e l y )  a g a in  show sy n c h ro n ise d  b u r s t s  of  
a c t i v i t y ,  t h e s e  e p i s o d e s  of a c t i v i t y  a re  however c o m p le te ly  
s u p p r e s s e d  f o l l o w i n g  a r o t a t i o n  of th e  neck to  th e  l e f t .
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F ig u re  63 .  Synchronous p h a s i c  b u r s t s  o f  EMG a c t i v i t y  in  
l e f t  t r i c e p s  and b i c e p s  induced  by head r o t a t i o n  and 
s u p p r e s s e d  by neck r o t a t i o n .  EMG r e c o r d e d  from l e f t  b i c e p s  
(upper EMG t r a c e )  and l e f t  b i c e p s  ( lower EMG t r a c e )  on 
r o t a t i o n  o f  t h e  head,  t h e n  neck to  th e  l e f t  (neck and head 
p o s i t i o n  a r e  i n d i c a t e d  by th e  lower  two t r a c e s  
r e s p e c t i v e l y ) : ( l e f t  h e m i lab y r in th e c to m y  pe rfo rm ed  18






l e f t  biceps
left triceps
J ~  head position
4sec
F ig u re  62 .  Synchronous p h a s i c  b u r s t s  of EMG a c t i v i t y  in  
l e f t  t r i c e p s  and b i c e p s  induced by r o t a t i o n  of th e  head .  
EMG r e c o r d e d  from l e f t  b i c e p s  (upper t r a c e )  and l e f t  
t r i c e p s  (m idd le  t r a c e )  on r o t a t i o n  of  head to  t h e  l e f t  
( lower t r a c e )  i n  a c h r o n i c a l l y  h e m i la b y r in th e c to m iz e d  c a t :  
( l e f t  h e m i l a b y r in th e c to m y  performed 18 weeks p r i o r  to  
d e c e r e b r a t i o n .  Cl & C2 c u t ,  a x i s  v e r t e b r a  clamped) .
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F ig u r e  63 ,  Synchronous p h a s i c  b u r s t s  o f  EMG a c t i v i t y  in  
l e f t  t r i c e p s  and b i c e p s  induced by head r o t a t i o n  and 
s u p p r e s s e d  by neck r o t a t i o n .  EMG r e c o r d e d  from l e f t  b i c e p s  
(upper  EMG t r a c e )  and l e f t  b i c e p s  ( lower  EMG t r a c e )  on 
r o t a t i o n  o f  th e  head, t h e n  neck to  t h e  l e f t  (neck and head 
p o s i t i o n  a r e  i n d i c a t e d  by th e  lower two t r a c e s  
r e s p e c t i v e l y ) :  ( l e f t  h e m i lab y r in th e c to m y  pe rfo rm ed  18
weeks p r i o r  to  d e c e r e b r a t i o n ,  Cl & C2 c u t ) .
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a l t h o u g h  th e y  s u b s e q u e n t ly  reap pea r  on moving t h e  neck back 
t o  t h e  m i d - p o s i t i o n .  These p h a s i c  b u r s t s  of EMG on ly  
c e a s i n g  when t h e  head i s  r e t u r n e d  to  t h e  normal p o s i t i o n .  
A l th o u g h  t h e s e  f i g u r e s  do not  i l l u s t r a t e  t o n i c  l a b y r i n t h  or 
neck r e f l e x e s ,  a s  such ,  th ey  do show t h a t  in  t h e  c h ro n ic  
c a t  l a b y r i n t h  and neck i n f l u e n c e s  can a f f e c t  t h e  l e f t  and 
r i g h t  e x t e n s o r s  i n  a manner s i m i l a r  to  th e  a c t i o n  of  t h e  
t o n i c  r e f l e x e s ,  and t h e r e f o r e  t h e s e  f i g u r e s  p r o v i d e  f u r t h e r  
d e m o n s t r a t i o n  t h a t  th e  l a b y r i n t h  and neck i n f l u e n c e s  a r e  
r e v e r s e d  i n  t h e  l e f t  f l e x o r  in  c h ro n ic  l e f t  
h e m i l a b y r i n t h e c t o m i z e d  c a t s .  In a d d i t i o n  t h e s e  f i g u r e s  a l s o  
show t h a t  chang ing  head or neck p o s i t i o n  can i n f l u e n c e  
p a t t e r n  g e n e r a t o r s  and may i n d i c a t e  a common i n t e r n e u r o n a l  
pa thway be tween  th e  t o n i c  r e f l e x e s  and th e  n e u ro n a l  
c i r c u i t r y  t h a t  g e n e r a t e s  locomotor  p a t t e r n s .
In  summary i t  would appear  t h a t  in  t h e  c h r o n i c  c a t  
a c o m p en sa t io n  to  t h e  l e f t  l a b y r in th e c to m y  has o c c u r r e d .
T h is  com p en sa t io n  r e s t o r e s  t h e  abnormal form of l a b y r i n t h  
r e f l e x e s  o b se rv e d  i n  t h e  r i g h t  f o r e l im b  of  a c u te  
p r e p a r a t i o n s  t o  t h e  normal p a t t e r n  seen  in  c a t s  w i th  i n t a c t  
l a b y r i n t h s .  While i n  t h e  l e f t  f o r e l im b  t h e r e  i s  a 
r e o r g a n i s a t i o n  of  t h e  r e f l e x  a c t i o n s  from th e  l a b y r i n t h  and 
neck d u r i n g  th e  compensa t ion  p e r i o d .  The l e f t  e x t e n s o r  
r e t a i n i n g  normal b e h a v io u r  b u t  th e  l e f t  f l e x o r  d i s p l a y i n g  a 
r e v e r s e d  l a b y r i n t h  and neck r e f l e x .  The p a t t e r n  of  
l a b y r i n t h  and neck r e f l e x e s  i n  t h e  c h ro n ic  c a t  a r e  shown in  
t a b l e  V. T h is  scheme of r e f l e x e s  a l th o u g h  v a ry in g  from t h a t  
o b s e r v e d  i n  c a t s  w i th  i n t a c t  l a b y r i n t h s  can s t i l l  be 
c o n s i d e r e d  as  a system th rough  which p o s t u r a l  s t a b i l i t y  can
Chronic hemilabyrinthectomy
Right limb Left limb 
Extensor Flexor Extensor Flexor
Head rotation 
to right t i l l
Head rotation 
to left 1  t  t  t
Neck rotation 
to right 1  t  t  t
Neck rotation 
to left t i l l
T a b le  V. Summary of e f f e c t s  p roduced  by
r o t a t i o n s  o f  the  head or neck on th e  EMG 
a c t i v i t y  of elbow e x te n s o r s  and f l e x o r s  in  
c h r o n i c  l e f t  h e m i la b y r in th e c to m iz e d  c a t s .  The 
a r ro w s  i n d i c a t e  i n c r e a s e d  or d e c r e a s e d  
a c t i v i t y .
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be m a i n t a i n e d  ( see  d i s c u s s i o n )  .
3 . 4 -t.Q O b s e r v a t i o n s  on eve movemen t s  resulting from 
h e m i l a b y r i n th e c t o m y .
I t  i s  w e l l  documented t h a t  a nystagmus;<pjf the  eyeh 
d e v e lo p s  f o l l o w i n g  u n i l a t e r a l  l a b y r in th e c to m y .  In t h i s  
s e c t i o n  of  t h e  t h e s i s  some o b s e r v a t i o n s  a r e  p r e s e n t e d  
d e s c r i b i n g  t h e s e  eye movements in  a c u te  and c h ro n ic  
h e m i l a b y r i n t h e c t o m i z e d  c a t s .  A l l  r e c o r d in g s  of  nystagmus 
were made f o l l o w i n g  d e c e r e b r a t i o n .
O b s e r v a t i o n s  on th e  group of  an im als  s e l e c t e d  f o r  
t h e  s t u d y  on com pensa t ion  to  u n i l a t e r a l  l a b y r in th e c to m y  
r e v e a l e d  t h a t  i n  ev e ry  c a se  a nystagmus deve loped  on 
r e c o v e r y  from t h e  a n a e s t h e s i a .  On w a tch ing  t h e s e  eye 
movements i t  was c l e a r  t h a t  the  slow component was d i r e c t e d  
to w a rd s  t h e  s i d e  of  th e  l e s i o n  ( i . e . ,  toward  t h e  l e f t ) .
J u s t  a s  t h e  nystagmus could  be obse rved  i n  con sc io u s  c a t s  
d u r i n g  a c u t e  s t a g e s  of  rec o v e ry ,  nystagmus could  be 
r e c o r d e d  i n  d e c e r e b r a t e  an im als  imm edia te ly  f o l lo w in g  
h e m i l a b y r i n th e c t o m y .  F ig .  64 g iv e s  an example of th e  form 
of  t h e  nystagmus i n  t h e s e  p r e p a r a t i o n s  and l i k e  
o b s e r v a t i o n s  made on ' i n t a c t  a n im a l s '  t h e  nystagmus a g a in  
i s  c h a r a c t e r i s t i c a l l y  seen  to  show a slow d r i f t  toward t h e  
r i g h t .  The f r e q u e n c y  and th e  am pl i tude  of t h e s e  rhy thm ic  
eye movements i s  shown in  t h i s  f i g u r e  to  be dependant  on 
th e  p o s i t i o n  of  th e  head .  T i l t s  to  th e  r i g h t  i n c r e a s e  th e  
b e a t  f r e q u e n c y ,  and g r e a t l y  reduc ing  th e  a m p l i tu d e ,  
a l t h o u g h  r o t a t i o n s  to  t h e  l e f t  do not  g r e a t l y  i n f l u e n c e  th e
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f r e q u e n c y  or a m p l i tu d e  of th e  nystagmus to  a s i g n i f i c a n t  
d e g r e e .  The e f f e c t  of head p o s i t i o n  on th e  f r eq u e n cy  of 
nys tagm us  i s  shown in  F ig .  65 which i l l u s t r a t e s  a h i s to g ra m  
d e p i c t i n g  t h e  number of nys tagmic  b e a t s  made in  c o n s e c u t iv e  
two second  b i n s .  The r o t a t i o n s  to  t h e  r i g h t  more t h a n  
d o u b l i n g  t h e  b a s i c  b e a t  f r e q u e n c y .  No c l e a r  e f f e c t  i s  seen 
w i t h  r o t a t i o n s  to  t h e  l e f t  bu t  t h i s  may be s imply due to  
t h e  l e v e l  of  v a r i a b i l i t y  in  t h e  nystagmus w i th  th e  head in  
t h e  normal  p o s i t i o n .
The nystagmus seen  fo l lo w in g  h e m i la b y r in th e c to m y  in  
t h e  a c u t e  s t a g e s  i n  t h e  behaving  c a t  d i s a p p e a r s  s e v e r a l  
days  a f t e r  th e  l e s i o n .  Recognised  as t h e  e a r l i e s t  s ig n  of 
c o m p e n sa t io n  to  t h e  l e s i o n  t h i s  nystagmus does no t  re a p p e a r  
i f  no o t h e r  s u r g i c a l  i n t e r v e n t i o n  i s  made. However, 
d e c e r e b r a t i o n  a t  any t im e  a f t e r  th e  i n i t i a l  o p e r a t i o n  
r e l e a s e s  a nystagmus much l i k e  t h a t  obse rved  i n  t h e  a c u te  
s t a g e .  In  F i g .  66a an example of t h i s  nystagmus i s  
i l l u s t r a t e d .  The d e c e r e b r a t i o n  i n  t h i s  example was c a r r i e d  
o u t  e i g h t  months a f t e r  th e  i n i t i a l  h e m i lab y r in th e c to m y .  The 
nystagmus r e s u l t i n g  i n  t h e s e  an im als  a g a in  shows a slow 
component  t h a t  i s  d i r e c t e d  towards  th e  l e f t ,  and shows some 
dépendance  on t h e  p o s i t i o n  of th e  head.  Although no t  so 
e a s i l y  se en  as  t h a t  in  th e  a c u te  example t h e r e  a re  sm all  
i n c r e a s e s  i n  f r eq u e n cy  w ith  t i l t s  to  th e  r i g h t  and 
d e c r e a s e s  w i th  t i l t s  t o  th e  l e f t .  Although no t  
s y s t e m a t i c a l l y  s t u d i e d ,  i t  i s  no t  s u r p r i s i n g  t h a t  changes 
i n  head  p o s i t i o n  a l t e r  nystagmus,  s i n c e  th e  d r i v e  to  th e  
c e n t r e s  r e s p o n s i b l e  fo r  th e  nystagmus w i l l  a l t e r  w i th  head 













F i g u r e  65 .  Graph i l l u s t r a t i n g  a l t e r a t i o n s  in  t h e  f r eq u e n cy  
o f  nystagmus w i th  changes in  th e  p o s i t i o n  of th e  head in  
an a c u t e  l e f t  h e m i la b y r in th e c to m iz e d  c a t .  Frequency i s  
p l o t t e d  a s  t h e  number of nystagmic b e a t s  o c c u r in g  w i t h i n  
two second  i n t e r v a l s .  The d a ta  on which t h i s  graph  i s  
p l o t t e d  i s  i l l u s t r a t e d  in  Fig 64;  ^ ( l e f t  
h e m i l a b y r in th e c to m y  performed im m edia te ly  p r i o r  to  
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i s  a l t e r e d  by changes  i n  head p o s i t i o n  bu t  t h a t  i n  a 
com pensa ted  an im al  d e c e r e b r a t i o n  r e l e a s e s  a nystagmus t h a t  
i s  e q u i v a l e n t  to  t h a t  in  the  a cu te  a n im a l s .  T h is  i s  
i m p o r t a n t  i n  t h a t  t h e  c h ro n ic  a n im a l s ,  bo th  i n t a c t  (from 
b e h a v i o u r a l  o b s e r v a t i o n s )  and from e x p e r im e n ta l  s t u d i e s  
f o l l o w i n g  d e c e r e b r a t i o n  show compensated p o s t u r a l  r e f l e x e s .  
I t  would t h e r e f o r e  appea r  t h a t  th e  c e n t r e s  r e s p o n s i b l e  fo r  
r e - e s t a b l i s h i n g  o c u l a r  and p o s t u r a l  s t a b i l i t y  a r e  
d i f f e r e n t .  O cu la r  s t a b i l i t y  i s  t h e r e f o r e  dependant  i n  some 
way on s t r u c t u r e s  r o s t r a l  to  th e  l e v e l  of  d e c e r e b r a t i o n ,  
w h i l e  t h e  p o s t u r a l  compensat ion  i s  o r g a n i s e d  w i t h i n  c e n t r e s  
i n  t h e  b r a i n s t e m  and p o s s i b l y  to  some e x t e n t  t h e  s p i n a l  
c o rd .
A second  l a b y r i n th e c to m y ,  p ro v id e d  a p e r i o d  of
c o m p e n sa t io n  has  o c c u r r e d ,  a l s o  r e s u l t s  in  t h e  g e n e r a t i o n
o f  a n y s tag m u s .  With t h i s  nystagmus known as 'von
«
B e ch te re w s  compensa tory  nystagmus ' t h e  slow component i s  
d i r e c t e d  tow ard  th e  s i d e  of th e  second l a b y r i n th e c to m y .  An 
example  o f  t h i s  form of nystagmus i s  i l l u s t r a t e d  i n  F ig .
66b. In  t h i s  f i g u r e  a second l a b y r in th e c to m y  was c a r r i e d  
o u t  s e v e r a l  hou rs  a f t e r  d e c e r e b r a t i o n .  P r i o r  to  th e  
d e s t r u c t i o n  of  t h e  rem ain ing  l a b y r i n t h  the  nystagmus was 
d i r e c t e d  t o  t h e  l e f t  (as in  f i g  66a) b u t  imm edia te ly  a f t e r  
t h e  r e m a in in g  l a b y r i n t h  was d e s t ro y e d  t h e  slow component 
was d i r e c t e d  to  t h e  r i g h t .  In th e  example i l l u s t r a t e d  
a c t i v a t i o n  o f  neck p r o p r i o c e p t o r s  were seen to  a l t e r  th e  
n ys tagm us .  I t  a p p e a r s  t h a t  neck r o t a t i o n  ( i r r e s p e c t i v e  of 
d i r e c t i o n )  r e s u l t s  i n  sm all  f requency  r e d u c t io n s  and 
i n c r e a s e s  i n  a m p l i tu d e  of nystagmic  b e a t s .  This
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d e m o n s t r a t i n g  t h e  e x i s t e n c e  of some neck a f f e r e n t
c o n v e rg e n c e  on to  c e n t r e s  r e s p o n s i b l e  fo r  th e  g e n e r a t i o n  of 
n y s ta g m u s .
In  summary i t  can be s t a t e d  t h a t  nystagmus can be 
seen  i n  t h e  a c u t e  s t a g e s  fo l lo w in g  u n i l a t e r a l  
l a b y r i n t h e c t o m y  and i s  a g a in  e v id e n t  i n  t h e  compensated 
an im a l  f o l l o w i n g  d e c e r e b r a t i o n .  The slow component,  i n  each 
c a s e ,  i s  d i r e c t e d  toward the  s id e  of th e  l e s i o n  though in  
t h e  com pensa ted  animal  i f  a second l a b y r in th e c to m y  i s  
p e r f o r m e d  t h e  d i r e c t i o n  i s  r e v e r s e d  and th e  slow phase  i s  
d i r e c t e d  tow ard  t h e  new l e s i o n .  In each example, t h e  n a t u r e  
o f  nys tagmus can be a l t e r e d  by changing  th e  d r i v e  from 
a f f e r e n t  sy s te m s  p r o j e c t i n g  to  th e  c e n t r e s  r e s p o n s i b l e  f o r  
t h e  g e n e r a t i o n  o f  th e  nystagmus. The r e a p p ea ran c e  of  t h e  
nys tagmus f o l l o w i n g  d e c e r e b r a t i o n  and th e  compensated 
n a t u r e  o f  p o s t u r a l  r e f l e x e s  i n d i c a t i n g  s e p a r a t e ,  though n o t  
n e s c e s s a r i l y  t o t a l l y  d i s t i n c t  and independen t  mechanisms of  
c o m p e n sa t io n .
3_.5.0 The m o d u la t io n  o f  l a b y r i n t h  and neck reflex_sv^±.em^ 
by ch an g e s  i n  l imb p o s i t i o n .
In  t h i s  s e c t i o n  r e s u l t s  w i l l  be p r e s e n t e d  which 
d e s c r i b e  how by c o n d i t i o n i n g  c ro s s e d  e x te n so r  and f l e x i o n  
w i th d r a w a l  r e f l e x e s  w i th  changes in  head or neck p o s i t i o n  
t h e  p a t t e r n  o f  l a b y r i n t h  and neck r e f l e x e s  can be r e v e a l e d  
i n  f o r e l i m b  m u sc le s  when no d i r e c t  motor response  to  
p o s i t i o n a l  changes  of  th e  head or neck can be o b se rv e d .  In 
a d d i t i o n ,  com par isons  between p r o t e c t i v e  r e f l e x e s  evoked a t
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c o m b i n a t i o n s  o f  head ,  neck and elbow p o s i t i o n  w i l l  be made 
i n  o r d e r  t o  a s s e s s  t h e  in f lu e n c e  l imb p o s i t i o n  may have on 
t h e  t o n i c  c o n d i t i o n i n g  i n f lu e n c e  from th e  l a b y r i n t h  and 
n e ck .  R e s u l t s  w i l l  be p r e s e n t e d  from e x p e r im e n ts  c a r r i e d  
o u t  on normal  and a c u t e  p r e p a r a t i o n s .
—La b y r i n t h—ând neck—i n f l u e nce on segm enta l  r e f l e x e s .
In  a p r e v i o u s  s e c t i o n  (3 .1 .7 )  a l t e r a t i o n s  i n  
d e c e r e b r a t e  r i g i d i t y  were d e s c r ib e d  and th e  e f f e c t s  o f  
c hanges  i n  t h e  l e v e l  of r i g i d i t y  compared to  t h e  ease  a t  
which l a b y r i n t h  and neck r e f l e x e s  cou ld  be evoked i n  
f o r e l i m b  e x t e n s o r s  and f l e x o r s .  Even when no d i r e c t  
r e s p o n s e  t o  head t i l t  could  be rec o rd ed  in  t h e  muscle  a 
d e s c r i p t i o n  o f  t h e  p a t t e r n  of  l a b y r i n t h  r e f l e x e s  was 
a c h i e v e d  by m o n i to r in g  c ro s s e d  e x te n s o r  r e f l e x e s  and 
f l e x i o n  r e f l e x e s  a t  d i f f e r e n t  head p o s i t i o n s .  F ig .  25 
i l l u s t r a t e s  t h a t  when a f i x e d  s t im u lu s  i s  p r e s e n t e d  to  th e  
c u ta n e o u s  b ran c h  of th e  r i g h t  r a d i a l  ne rve  ( a t  a s t im u lu s  
ju dg ed  t o  be 2-3 t im e s  t h r e s h o l d  f o r  th e  f a s t e s t  co n d u c t in g  
a f f e r e n t s  i n  t h e  nerve)  th e  r e s u l t i n g  i p s i l a t e r a l  f l e x i o n  
r e f l e x  i n  r i g h t  b i c e p s  and th e  synchronous ly  reco rd ed  
c r o s s e d  e x t e n s o r  r e f l e x  i n  l e f t  t r i c e p s  show m od u la t io n  in  
i n t e n s i t y  w i th  changes  in  head p o s i t i o n .  These i n t e n s i t y  
changes  a r e  e n t i r e l y  c o n s i s t e n t  w i th  the  form of l a b y r i n t h  
r e f l e x e s  o b se rv e d  in  EMG re c o r d in g s  from th e s e  m usc le s .
Such an i n f l u e n c e  on e x te n s i o n  and f l e x i o n  r e f l e x e s  i s  a l s o  
i l l u s t r a t e d  i n  F ig .  67. In t h i s  f i g u r e  th e  l e f t  r a d i a l  














F i g u r e  67 .  The e f f e c t  of a l t e r i n g  head p o s i t i o n  on th e  
i n t e n s i t y  o f  s im u l t a n e o u s ly  reco rded  c r o s s e d  e x te n s o r
r e f l e x e s  and i p s i l a t e r a l  f l e x i o n  r e f l e x e s  i n  t h e  r i g h t  
t r i c e p s  and l e f t  b ic e p s  r e s p e c t i v e l y ,  ( i l l u s t r a t e d  as t h e  
r e c t i f i e d  and i n t e g r a t d  EMG) on e l e c t r i c a l  s t i m u l a t i o n  of 
t h e  d o r s a l  c u ta n e o u s  branch of th e  l e f t  r a d i a l  n e rv e .  The 
s t i m u l u s  i n t e n s i t y  remained f i x e d  th ro u g h o u t  t h e  s e r i e s  of 
r e c o r d i n g s .  Arrows denote  th e  end of th e  t r a i n  of  s t im u lu s  
p u l s e s ;  ( d e c e r e b r a t e  c a t ,  i n t a c t  l a b y r i n t h s .  Cl & C2 c u t ,  
a x i s  v e r t e b r a  c la m p e d ) .
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r e s p o n s e  r e c o r d e d  i n  th e  r i g h t  t r i c e p s  and l e f t  b i c e p s  a t  
t h r e e  d i f f e r e n t  head p o s i t i o n s .  As i n  F ig .  25 t h e  r e c t i f i e d  
and i n t e g r a t e d  EMG re c o rd s  o b ta in e d  a t  head p o s i t i o n s  of  30 
d e g r e e s  r i g h t ,  0 d e g re e s  and 30 d e g re e s  l e f t  show th e  
c h a r a c t e r i s t i c  asymmetr ic  p a t t e r n  of l a b y r i n t h  r e f l e x e s  
r e c o r d e d  i n  t h e s e  m u sc le s .  A head t i l t  to  th e  l e f t  
s u p p r e s s i n g  t h e  r e f l e x  response  in  t h e  r i g h t  e x t e n s o r  and 
l e f t  f l e x o r  i n  F i g .  67, w h i le  a s i m i l a r  head p o s i t i o n  in  
F i g .  25 r e s u l t s  in  a f a c i l i t a t i o n  of  t h e  r e f l e x  re sp o n se  
r e c o r d e d  i n  m usc les  which a re  a n t a g o n i s t i c  t o  th o s e  
r e c o r d e d  from in  F ig .  67.
F i g s .  25 and 67 were r ec o rded  from d i f f e r e n t  
a n i m a l s ,  however,  by s w i t c h in g  s t i m u l i  between r i g h t  and 
l e f t  r a d i a l  n e rv e s  in  th e  same p r e p a r a t i o n ,  and by u s in g  
c o m p a rab le  a m p l i tu d e s  of  s t i m u l a t i o n ,  t h e  l a b y r i n t h  r e f l e x  
i n  one g roup  o f  fo r e l im b  musc les  can be s t u d i e d  i n  each 
l im b and t h e  r e l a t i o n s h i p  between th e  e q u iv a l e n t ,  musc les  of 
o p p o s i t e  l im bs  a s s e s s e d .  F ig .  68 i l l u s t r a t e s  l a b y r i n t h  
m e d ia t e d  m o d u la t io n  of f l e x i o n  r e f l e x e s  r e c o rd e d  from th e  
r i g h t  and l e f t  b i c e p s  fo l lo w in g  th e  p r e s e n t a t i o n  of 
co m p arab le  s t i m u l i  to  th e  d o r s a l  c u ta n eo u s  b ranch  of r i g h t  
and l e f t  r a d i a l  ne rv e s  r e s p e c t i v e l y .  Head p o s i t i o n ,  as  can 
be seen  from th e  f i g u r e ,  i n f l u e n c e s  t h e  magnitude  of th e  
f l e x i o n  r e f l e x e s  i n  o p p o s i t e  l imbs in  a r e c i p r o c a l  f a s h i o n .  
The r e f l e x  b e ing  g r e a t e s t  i n  one l imb when t h e  head i s  h e ld  
so t h a t  t h e  c h in  p o i n t s  toward th e  l imb i n  q u e s t i o n  ( i . e . ,  
s i d e - u p  t i l t s )  w h i le  o p p o s i t e  d i r e c t i o n s  of  t i l t  
( s i d e —down) p roduce  a r e d u c t io n  in  th e  magni tude  of th e  
r e f l e x e s .  T h is  form of m odula t ion  i s  c o n s i s t e n t  w i th  d i r e c t
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F i g u r e  68 .  The e f f e c t  of  a l t e r i n g  head p o s i t i o n  on th e  
i n t e n s i t y  o f  f l e x i o n  r e f l e x e s  in  t h e  r i g h t  and l e f t  b i c e p s  
( f l e x i o n  r e f l e x e s  were provoked by e l e c t r i c a l  s t i m u l a t i o n  
o f  t h e  d o r s a l  cu taneous  branch  of  th e  r i g h t  and l e f t  
r a d i a l  n e rv e s  r e s p e c t i v e l y ) . The s t im u lu s  p a ra m e te r s
rem ained  c o n s t a n t  t h ro u g h o u t  th e  s e r i e s  of  r e c o r d i n g s  from 
r i g h t  and l e f t  b i c e p s .  Arrows deno te  th e  end of t h e  t r a i n  
o f  s t i m u l u s  p u l s e s ;  ( d e c e r e b r a t e  c a t ,  i n t a c t  l a b y r i n t h s .  
Cl & C2 c u t ,  a x i s  v e r t e b r a  c la m p e d ) .
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r e f l e x  a c t i o n s  r e s u l t i n g  from head t i l t  r e c o r d e d  i n  t h e s e  
m u s c l e s .  Thus F i g s .  25,  67 and 68 t o g e t h e r  i l l u s t r a t e  t h a t  
i t  i s  p o s s i b l e  t o  d e te r m in e ,  by c o n d i t i o n i n g  c r o s s e d  
e x t e n s o r  and i p s i l a t e r a l  f l e x i o n  r e f l e x e s  w i th  changes  i n  
head  p o s i t i o n ,  t h e  n a t u r e  of th e  l a b y r i n t h  i n f l u e n c e  onto 
f o r e l i m b  m u s c l e s .  In  a d d i t i o n ,  a comparison  between th e s e  
t h r e e  f i g u r e s  shows t h a t  r e s u l t s  p e r t a i n i n g  t o  i n d i v i d u a l  
m u sc le s  from t h e  same and d i f f e r e n t  an im a ls  a r e  in  
a g re e m e n t ,  t h i s  showing t h a t  each muscle  has  a s p e c i f i c  
r e s p o n s e  to  d i f f e r e n t  d i r e c t i o n s  of r o t a t i o n .  The 
c o n d i t i o n i n g  i n f l u e n c e  of  th e  l a b y r i n t h  on f l e x i o n  
w i th d r a w a l  r e f l e x e s  r e f l e c t i n g  t h e  b e h av io u r  of 
l a b y r i n t h i n e  ind u ce d  motor a c t i v i t y  i n  f o r e l im b  m usc le s .
Neck r e f l e x e s  (as  a r e  i l l u s t r a t e d  i n  l a t e r  f i g u r e s )  can 
a l s o  be s t u d i e d  i n  t h i s  way.
A l t e r a t i o n s  i n  l imb p o s i t i o n  a r e  known to  i n f lu e n c e  
t h e  e x c i t a b i l i t y  o f  f l e x o r  and e x t e n s o r  r e f l e x e s  (Baxendale 
and F e r r e l l ,  1983) t h e r e f o r e  by chang ing  l im b p o s i t i o n  i t  
was p o s s i b l e  to  s tu d y  t h e  i n t e r a c t i o n s  between th e  
d e s c e n d in g  i n f l u e n c e  from th e  l a b y r i n t h  and neck w i th  those  
a r i s i n g  from p r o p r i o c e p t o r s  re sp o n d in g  t o  th e  change in  
l im b p o s i t i o n .
3 . 5 . 2  Reflex excitability m odula t ion  w i th  changes in  el&Q# 
p o s i t i o n .
P r i o r  to  p r e s e n t i n g  r e s u l t s  which d e s c r i b e  th e  
r e f l e x  i n t e r a c t i o n s  between l a b y r i n t h ,  neck and elbow 
p o s i t i o n  t h e  a c t i o n  of  a l t e r t i n g  elbow p o s i t i o n  a lone  on
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c r o s s e d  e x t e n s o r  and f l e x i o n  w i thdraw a l  r e f l e x e s  w i l l  be 
c o n s i d e r e d .
By s t i m u l a t i n g  t h e  l e f t  r a d i a l  ne rv e  w i th  a f i x e d  
s t i m u l i ,  c r o s s e d  e x te n s o r  r e f l e x e s  can be r e c o r d e d  by EMG 
i n  t h e  r i g h t  t r i c e p s  b r a c h i i .  P ig .  69 i l l u s t r a t e s  how by 
a l t e r i n g  t h e  p o s i t i o n  of th e  elbow th e  r e f l e x  r e s p o n se  i s  
ch an g e d .  In  F i g .  69a th e  r e f l e x e s  a re  r e c o rd e d ,  i n  o r d e r ,  
a t  e lbow p o s i t i o n s  of 60, 90, 120 and 150 d e g r e e s  w h i l e  in  
F i g .  69b t h e  o r d e r  of r e c o rd in g  i s  t h e  r e v e r s e  of  t h i s .  The 
f i g u r e  d e m o n s t r a t e s  t h a t  the  r e f l e x  re sp on se  to  a f i x e d  
s t i m u l i  i s  r ed uced  as  t h e  limb i s  moved from f l e x e d  to  more 
e x te n d e d  p o s i t i o n s  (as in  F ig .  69a) and t h a t  as t h e  l imb i s  
r e t u r n e d  t o  f l e x e d  p o s i t i o n s  (Fig .  69b) t h e r e  i s  a 
f a c i l i t a t i o n  of  t h e  r e f l e x  a t  each s u c c e s s i v e l y  more f l e x e d  
elbow p o s i t i o n .  The g e n e r a l  c o n c lu s io n  i s  t h a t  f l e x i o n  
t e n d s  t o  f a c i l i t a t e  th e  r e f l e x  response  r e c o rd ed  in  
e x t e n s o r  m u sc le s  w h i l e  ex tended  l imb p o s i t i o n s  d e p re s s  t h i s  
r e s p o n s e .  The b e h av io u r  of  f l e x i o n  r e f l e x e s  o b t a i n e d  under 
s i m i l a r  c o n d i t i o n s  i s  o p p o s i t e  to  t h i s  p a t t e r n .  F ig .  70 
i l l u s t r a t e s  t h r e e  f l e x i o n  r e f l e x e s  reco rded  from th e  l e f t  
b i c e p s  f o l l o w i n g  e l e c t r i c a l  s t i m u l a t i o n  of  t h e  l e f t  r a d i a l  
n e r v e .  The r e f l e x e s  in  t h i s  example were re c o rd e d  w i th  th e  
l e f t  e lbow j o i n t  h e ld  a t  60, 90 and 150 d e g r e e s .  I t  can be 
seen  t h a t  t h e  r e f l e x  becomes p r o g r e s s i v e l y  l a r g e r  as more 
e x te n d e d  p o s i t i o n s  a r e  taken  up. The d i r e c t i o n s  of 
m o d u la t io n  of  r e f l e x  i n t e n s i t y  i l l u s t r a t e d  i n  F i g s .  69 and 
70 ( o b s e r v e d  u s in g  a f i x e d  s t r e n g t h  of s t im u lu s )  show t h a t  
a r e c i p r o c a l  i n f l u e n c e  from limb p o s i t i o n  a c t s  on f l e x i o n  







F i g u r e  7 0 .  The e f f e c t  o f  a l t e r i n g  l e f t  elbow j o i n t  
p o s i t i o n  on f l e x i o n  r e f l e x e s  r e c o rd e d  i n  t h e  l e f t  b i c e p s .  
E l e c t r i c a l  s t i m u l a t i o n  o f  t h e  d o r s a l  c u ta n eo u s  b ranch  of 
t h e  l e f t  r a d i a l  n e rv e  a t  a  f i x e d  i n t e n s i t y  was used 
t h r o u g h o u t .  Arrows d e n o te  t h e  end o f  t h e  t r a i n  o f  s t i m u l u s  
p u l s e s :  ( d e c e r e b r a t e  c a t ,  i n t a c t  l a b y r i n t h s .  Cl & C2 c u t ,
head  and neck h e ld  i n  t h e  mid—p o s i t i o n )  .
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r e f l e x e s  i s  n o t  t h e  r e s u l t  of temporal  i n f l u e n c e s  l e a d i n g  
t o  f a c i l i t a t i o n  or  d e p re s s io n  as movements of  t h e  l imb i n  
one d i r e c t i o n  a lways a c t e d  upon r e f l e x  e x c i t a b i l i t y  in  th e  
same way, w h i l e  movements to  p o s i t i o n s  i n  t h e  o t h e r  
d i r e c t i o n  a f f e c t e d  th e  r e f l e x  response  in  an o p p o s i t e  way. 
F u r t h e r m o r e ,  F i g .  71 i l l u s t r a t e s  th e  i n f l u e n c e  of  s u s t a i n e d  
p e r i o d s  o f  s t i m u l a t i o n  on the  v a r i a b i l i t y  o f  th e  s i z e  of 
f l e x i o n  r e f l e x e s  r e c o rd e d  once every  s i x  seconds  over  a t en  
m in u te  p e r i o d  a t  a f i x e d  elbow p o s i t i o n  (90 d e g re e s )  u s in g  
a f i x e d  s t i m u l u s  i n t e n s i t y .  The s t im u lu s  was p r e s e n t e d  to  
t h e  l e f t  r a d i a l  ne rv e  and th e  f l e x i o n  r e f l e x  r e c o r d e d  from 
t h e  l e f t  b i c e p s .  Measuring th e  s i z e  of th e  r e c t i f i e d  and 
i n t e g r a t e d  EMG re sp o n se  to  a f i x e d  s t i m u l i  and p l o t t i n g  
t h i s  a s  a h i s t o g r a m  of r e f l e x  am pl i tude  and a l s o  w i th  
r e s p e c t  to  t im e ,  t h e  degree  of v a r i a b i l i t y  be tween th e  100 
r e f l e x  r e s p o n s e  can be judged .  The h i s to g ram  shows t h a t  th e  
r e f l e x  r e s p o n s e s  appear  to  be normal ly  d i s t r i b u t e d ,  showing 
n e i t h e r  a ten d en cy  to  i n c r e a s e  or d e c re a se  in  s i z e .  T h is  i s  
a l s o  e v i d e n t  from th e  p l o t  of r e f l e x  a m p l i tu d e  a g a i n s t  
t i m e ,  which shows t h e  absence  of any d r i f t  from th e  mean 
r e f l e x  s i z e .  Fu r th e rm o re  as th e  shape of t h e  d i s t r i b u t i o n  
a p p e a r s  normal  i t  seems r e s o n a b le  to  su g g e s t  t h a t  th e  
s t i m u l a t i o n  p a ra m e te r s  a r e  such as to  d i s c o u n t  any tem pora l  
i n f l u e n c e s  on r e f l e x  s i z e .  I t  would t h e r e f o r e  appear  t h a t  
m o d u la t io n  ob se rv ed  by changes in  j o i n t  p o s i t i o n  do r e f l e c t  
a g e n u in e  som atosenso ry  i n t e r a c t i o n .
3 . 5 . 3  The i n t e r a c t i o n  between l i mb_,—h.aad and n^C-k. 
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F ix e d  s t i m u l i  p r e s e n t e d  to  t h e  d o r s a l  c u ta n eo u s  
b r a n c h  of  t h e  r a d i a l  nerve  have been d e m o n s t ra te d  t o  r e s u l t  
i n  c r o s s e d  e x t e n s o r  r e f l e x e s  t h a t  can be m odula ted  
i n d e p e n d e n t l y  by changes  in  elbow and head p o s i t i o n .  In 
F i g .  72 chan g es  i n  head p o s i t i o n  and elbow p o s i t i o n  a re  
shown t o  i n t e r a c t  to  modify r e f l e x e s  re c o rd e d  i n  t h e  l e f t  
t r i c e p s  f o l l o w i n g  e l e c t r i c a l  s t i m u l a t i o n  of  t h e  r i g h t  
r a d i a l  n e r v e .  T h is  f i g u r e  i l l u s t r a t e s  how changes  i n  head 
p o s i t i o n  a t  d i f f e r e n t  elbow p o s i t i o n s  modify th e  r e f l e x  
r e s p o n s e  to  t h e  f i x e d  s t i m u l i .  By lo o k in g  a t  each of  th e  
v e r t i c a l  columns in  F ig ,  72 th e  e f f e c t  of a l t e r i n g  head 
p o s i t i o n  a t  f i x e d  j o i n t  p o s i t i o n s  can be o b se rv e d ,  w h i le  
each  h o r i z o n t a l  row d e p i c t s  th e  i n f l u e n c e  changes i n  limb 
p o s i t i o n ,  a t  f i x e d  head a t t i t u d e s ,  have on t h e  r e f l e x  
r e s p o n s e .  Neck p o s i t i o n  i s  n o t  a l t e r e d  and remains  i n  t h e  
mid p o s i t i o n  th r o u g h o u t .  From th e  f i g u r e  i t  can be seen 
t h a t  a t  a l l  j o i n t  p o s i t i o n s ,  changes in  head a t t i t u d e  
m o d u la te  t h e  c r o s s e d  e x te n so r  r e f l e x ,  such t h a t  when 
compared t o  r e f l e x e s  evoked w i th  th e  head i n  t h e  mid 
p o s i t i o n  t h e r e  i s  a f a c i l i t a t i o n  in  t h e  r e f l e x  i n t e n s i t y  
w i th  t h e  head h e ld  t i l t e d  30 d e g re e s  l e f t  s ide -dow n,  and a 
d e p r e s s i o n  w i th  th e  head r o t a t e d  r i g h t  s ide-down.  T h is  
m o d u la t io n  i s  e v id e n t  a t  the  t h r e e  j o i n t  p o s i t i o n s  
i l l u s t r a t e d ,  though i t  can be seen t h a t  i f  j o i n t  p o s i t i o n  
i s  a l s o  c o n s i d e r d ,  t h en  th e  g r e a t e s t  f a c i l i t a t i o n  of  th e  
c r o s s e d  r e f l e x  o c cu rs  when th e  limb i s  h e ld  i n  f l e x i o n .
Thus t h e  combined e f f e c t  of changing  head and elbow 
p o s i t i o n  r e s u l t  in  th e  g r e a t e s t  r e f l e x  re sp o n se  o c c u r r i n g
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F i g u r e  72 .  The e f f e c t  of a l t e r a t i o n  of  head and l e f t  elbow 
j o i n t  p o s i t i o n  on t h e  i n t e n s i t y  of t h e  c r o s s e d  e x te n s o r  
r e f l e x  r e c o r d e d  i n  t h e  l e f t  t r i c e p s .  E l e c t r i c a l
s t i m u l a t i o n  o f  th e  d o r s a l  cu taneous  b ranch  of t h e  r i g h t  
r a d i a l  n e rv e  a t  a f i x e d  i n t e n s i t y  was used th r o u g h o u t .  The 
a r ro w s  d e n o te  t h e  end of  th e  t r a i n  of s t im u lu s  p u l s e s .  
( D e c e r e b r a t e  c a t ,  i n t a c t  l a b y r i n t h s .  Cl & C2 c u t ,  a x i s  
v e r t e b r a  c l a m p e d ) .
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w i th  t h e  head t i l t e d  30 d e g rees  to  t h e  l e f t  and th e  limb 
h e ld  a t  an a n g le  o f  60 deg re es  a t  t h e  elbow.
Such m o d u la t io n  of th e  c ro s s e d  e x te n s o r  r e f l e x  i s  
a l s o  e v i d e n t  i n  t h e  r i g h t  t r i c e p s  fo l lo w in g  t h e  
p r e s e n t a t i o n  o f  a f i x e d  i n t e n s i t y  of s t i m u l i  to  t h e  l e f t  
r a d i a l  n e r v e .  In  t h i s  i n s t a n c e  the  e f f e c t  of head t i l t  i s  
o p p o s i t e  t o  t h a t  d e s c r i b e d  f o r  th e  l e f t  t r i c e p s  in  F ig .  72 
(and i s  i n  agreem ent  w i th  th e  asymmetry between e x te n s o r  
a c t i v i t y  w i th  changes  in  head p o s i t i o n ) .  Thus i n  t h e  r i g h t  
t r i c e p s  (as i l l u s t r a t e d  in  F ig .  67) head t i l t s  t o  th e  r i g h t  
f a c i l i t a t e  t h e  c r o s s e d  e x te n so r  r e f l e x ,  w h i le  t i l t s  l e f t  
s id e -d o w n  d e p r e s s  t h e  r e f l e x .  C onsequen t ly ,  when th e  
p o s i t i o n  o f  t h e  r i g h t  elbow i s  changed (see F i g .  73) t h e  
i n t e r a c t i o n  between th e  two r e f l e x  sys tem s r e s u l t  i n  
m o d u la t io n  of  th e  r i g h t  c ro s se d  e x te n s o r  r e f l e x  such t h a t  
r e f l e x e s  a r e  w eakes t  w i th  the  head t i l t e d  toward  t h e  l e f t  
and t h e  l imb f u l l y  e x tended .  As in  t h e  l e f t  l imb more 
f l e x e d  p o s i t i o n s  of  th e  elbow r e s u l t  i n  f a c i l i t a t i o n ,  which 
i n  t h i s  i n s t a n c e  p roduces  t h e  most i n t e n s e  r e f l e x  when th e  
l im b i s  h e ld  i n  f l e x i o n  (60 deg rees )  and th e  head r o t a t e d  
30 d e g r e e s  to  th e  r i g h t .  Thus, F ig s .  72 and 73 show how 
changes  i n  l imb p o s i t i o n  can r e g u l a t e  th e  l a b y r i n t h i n e  
i n f l u e n c e  upon e x te n s o r  r e f l e x  o u t p u t .
In  bo th  r i g h t  (F ig .  72) and l e f t  (F ig .  73) 
f o r e l i m b s ,  t h e  s i z e  of th e  r e f l e x  a t  any one head p o s i t i o n  
i n c r e a s e s  w i th  f l e x i o n  w h i l e  head r o t a t i o n  o p e r a t e s  to  
i n f l u e n c e  o p p o s i t e  e x te n s o r  muscles in  an asymmetr ic  
p a t t e r n .  T h e r e f o r e ,  i r r e s p e c t i v e  of which f o r e l im b  i s  














F i g u r e  73 .  The e f f e c t  of a l t e r a t i o n  of  head and r i g h t
elbow j o i n t  p o s i t i o n  on th e  i n t e n s i t y  of the  c ro s s e d  
e x t e n s o r  r e f l e x  rec o rd ed  in  th e  r i g h t  t r i c e p s .  E l e c t r i c a l  
s t i m u l a t i o n  o f  t h e  d o r s a l  cu taneous  branch  of th e  l e f t  
r a d i a l  n e rv e  a t  a f i x e d  i n t e n s i t y  was used th ro u g h o u t .  The
a r ro w s  d e n o te  t h e  end of  th e  t r a i n  of s t im u lu s  p u l s e s .
( D e c e r e b r a t e  c a t ,  i n t a c t  l a b y r i n t h s .  Cl & C2 c u t ,  a x i s  
v e r t e b r a  c l a m p e d ) .
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a n im a l s  w i th  i n t a c t  l a b y r i n t h s ,  t h a t  c ro s se d  e x te n s o r  
r e f l e x e s  a r e  g r e a t e s t  w i th  the  limb i n  f l e x i o n  and th e  head 
r o t a t e d  s id e -d o w n  (with r e s p e c t  to  th e  reco rded  l imb) and 
a r e  w e a k e s t  when th e  l imb i s  extended and th e  head t i l t e d  
s i d e - u p .  At i n t e r m e d i a t e  j o i n t  p o s i t i o n s  t h e r e  i s  a 
c o n t i n u i t y  o f  t h i s  m o d u la t io n .
So f a r  on ly  changes in  r e f l e x  response  to  
a l t e r a t i o n s  i n  head p o s i t i o n  have been shown to  be 
r e g u l a t e d  by elbow p o s i t i o n ,  in  F ig .  74 the  e f f e c t  of  
a l t e r i n g  neck and elbow p o s i t i o n  on th e  c ro s s e d  e x te n s o r  
r e f l e x  i n  r i g h t  t r i c e p s  i s  shown. In t h i s  f i g u r e  head 
p o s i t i o n  i s  m a i n t a i n e d  a t  0 deg rees  and th e  a x i s  v e r t e b r a  
r o t a t e d  from a mid p o s i t i o n  to  p o s i t i o n s  e i t h e r  30 d e g re e s  
l e f t  or r i g h t  w i th  th e  elbow held  in  an ex tended  (165 
d e g r e e s )  , a mid range  (110 deg rees )  and a f l e x e d  (60 
d e g re e )  p o s i t i o n  (as w i th  F i g s .  72 and 73 a f i x e d  s t i m u l u s  
i s  used  t h r o u g h o u t ) .  The f i g u r e  (74) shows t h a t  a t  a l l  neck 
p o s i t i o n s  t h e r e  i s  a f a c i l i t a t i o n  of th e  c ro s s e d  r e f l e x  
w i th  movement of  th e  elbow to  more f l e x e d  p o s i t i o n s .  At a l l  
elbow p o s i t i o n s ,  and i n  c o n t r a s t  to  l a b y r i n t h i n e  
i n f l u e n c e s ,  t h e  neck m odula tes  th e  r e f l e x  re s p o n se  i n  a 
manner to  p roduce  th e  g r e a t e s t  response  when t h e  neck i s  
r o t a t e d  t o  t h e  l e f t  ( s id e -u p )  and th e  weakest  r e sp on se  w i th  
t h e  o p p o s i t e  r o t a t i o n .  Consequen t ly ,  when th e  l imb p o s i t i o n  
i s  c o n s i d e r e d  a lo n g  w i th  the  neck a t t i t u d e  th e  r e s u l t a n t  
i n t e g r a t i o n  r e s u l t s  in  th e  g r e a t e s t  o v e r a l l  r esponse  
o c c u r r i n g  i n  th e  r e f l e x  o u tp u t  of e x te n s o r s  when th e  elbow 
i s  f l e x e d  and th e  neck r o t a t e d  away from th e  r e c o r d i n g  s i t e  


















F ig u r e  7 4 .  The e f f e c t  of a l t e r a t i o n  of  neck and r i g h t
elbow j o i n t  p o s i t i o n  on th e  i n t e n s i t y  of th e  c ro s s e d  
e x t e n s o r  r e f l e x  rec o rd ed  in  th e  r i g h t  t r i c e p s .  E l e c t r i c a l  
s t i m u l a t i o n  o f  th e  d o r s a l  cu taneous  branch of th e  l e f t  
r a d i a l  n e r v e  a t  a f i x e d  i n t e n s i t y  was used th ro u g h o u t .  The
a rro w s  d e n o te  t h e  end of  th e  t r a i n  of s t im u lu s  p u l s e s .
( D e c e r e b r a t e  c a t ,  i n t a c t  l a b y r i n t h s .  Cl & C2 c u t ,  head 
h e ld  i n  t h e  m i d - p o s i t i o n ) .
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r e s p o n s e  i s  seen  to  c o r r e s p o n d  t o  e x te n d e d  j o i n t  p o s i t i o n s  
and neck t i l t s  tow ard  t h e  r e c o r d i n g  s i t e  ( to  t h e  r i g h t  in  
F i g .  7 4 ) .  Compared t o  l a b y r i n t h i n e  i n f l u e n c e s  on e x t e n s o r  
o u t p u t  t h e  neck i s  s e en  to  a c t  i n  a r e c i p r o c a l  f a s h i o n ,  as  
can be p r e d i c t e d  from s t u d i e s  d e t a i l i n g  d i r e c t  r e s p o n s e s  
o b s e r v e d  i n  f o r e l i m b  e x t e n s o r s  f o l l o w i n g  neck s t i m u l a t i o n  
(L indsay  e t  a l ,  1976; Ezure  and W ilso n ,  1 9 8 3 ) .
The m o d u la t io n  o f  b o th  l a b y r i n t h  and neck r e f l e x  
i n f l u e n c e s  by a l t e r i n g  l im b  p o s i t i o n  can ,  a s  se en  i n  F i g s .  
72 ,  73 and 74 ,  g r e a t l y  i n f l u e n c e  t h e  s i z e  o f  t h e  r e f l e x  
o u t p u t  of  t h e  e x t e n s o r  m u s c le s .  In  some i n s t a n c e s  t h e  
c r o s s e d  e x t e n s o r  r e f l e x  can be c o m p le t e ly  s u p p r e s s e d  w i th  
c h ang es  i n  l im b  p o s i t i o n .  An example  of  t h i s  i s  i l l u s t r a t e d  
f o r  l a b y r i n t h  i n f l u e n c e s  to  t h e  r i g h t  t r i c e p s  i n  F i g .  75 .
In  t h i s  f i g u r e  t h e  r e f l e x e s  a r e  r e p r e s e n t e d  g r a p h i c a l l y ,  
t h e  a r e a  under  t h e  r e c t i f i e d  and i n t e g r a t e d  EMG f o l l o w i n g  
t h e  p r e s e n t a t i o n  of  a s t i m u l u s  t r a i n  t o  t h e  l e f t  r a d i a l  
n e r v e  i s  used  as  an in d ex  o f  r e f l e x  o u t p u t  ( th e  s c a l e  used  
i s  i n  a r b i t r a r y  u n i t s ) . The g raph  i l l u s t r a t e s  t h a t ,  w i th  
t h e  s t i m u l u s  u se d ,  no r e f l e x  r e s p o n s e  i s  r e c o r d a b l e  a t  any 
head  p o s i t i o n  w i th  t h e  elbow f u l l y  e x te n d e d ,  though  a t  l e s s  
e x te n d e d  and more f l e x e d  p o s i t i o n s  t h e r e  a r e  o b s e r v a b l e  
r e f l e x e s  a t  a l l  head p o s i t i o n s .  These r e f l e x e s  show th e  
same p a t t e r n  o f  m o d u la t io n  w i th  head and elbow p o s i t i o n  as  
i l l u s t r a t e d  f o r  t h e  r i g h t  t r i c e p s  i n  F i g .  73 .  The peak  i n  
t h e  g rap h  o c c u r r i n g  where  t h e  i n t e r a c t i o n s  between 
l a b y r i n t h  and neck i n f l u e n c e s  a r e  a t  a premium, t h a t  i s ,  
f l e x i o n  and head t i l t e d  s id e -d o w n .  The d e m o n s t r a t i o n  t h a t  













s u p p r e s s i o n  of  t h e  r e f l e x  response  to  a f i x e d  s t i m u l i  a t  
a l l  head  p o s i t i o n s  i l l u s t r a t e s  th e  s t ro n g  i n f l u e n c e  limb 
p o s i t i o n  can have on th e  c ro s se d  e x te n so r  r e f l e x .
In  a d d i t i o n  to  th e  d e m o n s t ra t ion  t h a t  l imb p o s i t i o n  
i n f l u e n c e s  t h e  c o n d i t i o n i n g  of e x te n so r  r e f l e x e s  by 
l a b y r i n t h  and neck p r o p r i o c e p to r  systems i t  was a l s o  
p o s s i b l e  to  see  i n t e r a c t i o n s  between som atosensory  and 
d e s c e n d i n g  i n f l u e n c e s  on f l e x i o n  r e f l e x e s .
3.t.5..t.4. The n a t u r e  o f  t h e  i n t e r a c t i o n  between l a b y r i n t h ,  neck 
and_2imb p o s i t i o n  on f l e x i o n  w i thdraw al  r e f l e x e s .
E a r l i e r  f i g u r e s  have shown t h a t  f l e x i o n  r e f l e x e s  
evoked by i p s i l a t e r a l  s t i m u l a t i o n  of cu taneous  b ra n c h e s  of  
t h e  r a d i a l  n e rv e  can be in f lu e n c e d  in d e p e n d en t ly  by changes  
i n  head  and elbow p o s i t i o n .  The n a tu r e  of t h i s  c o n d i t i o n i n g  
o f  f l e x i o n  r e f l e x e s  from th e  l a b y r i n t h ,  as  has been 
m en t io n ed  p r e v i o u s l y ,  i s  i n  agreement w ith  the  form of 
l a b y r i n t h  r e f l e x e s  d e s c r i b e d  in  t h i s  t h e s i s ,  w h i l e  th e  
i n f l u e n c e  of  l imb p o s i t i o n  on th e  i n t e n s i t y  of f l e x i o n  
r e f l e x  i s  a s  d e s c r i b e d  by Baxendale  and F e r r e l l  (1982) .
When c o n s i d e r e d  t o g e t h e r  as a complete sys tem, t h e  form of 
t h e  i n t e r a c t i o n  b e a r s  a c lo s e  a f f i n i t y  w i th  t h a t  seen to  
a f f e c t  t h e  e x t e n s o r s .  The i n t e r a c t i o n s  seen in  t h e  f l e x o r  
r e s p o n s e s  r e c i p r o c a t i n g  w i th  t h a t  observed  in  t h e  
e x t e n s o r s .  F ig .  76 i l l u s t r a t e s  th e  i n t e r a c t i o n  between 
l a b y r i n t h  and l imb p r o p r i o c e p t i v e  i n f lu e n c e s  on th e  
i n t e n s i t y  o f  f l e x i o n  r e f l e x e s  recorded  i n  th e  r i g h t  b i c e p s  
on e l e c t r i c a l  s t i m u l a t i o n  of  th e  r i g h t  r a d i a l  n e rve  a t  a
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F i g u r e  7 6 ,  The e f f e c t  of  changing head p o s i t i o n  and r i g h t  
elbow j o i n t  p o s i t i o n  on t h e  i n t e n s i t y  of  f l e x i o n  r e f l e x e s  
i n  t h e  r i g h t  b i c e p s .  The reco rded  EMG has  been r e c t i f i e d  
and i n t e g r a t e d .  The s t i m u l a t i o n  p a ra m e te r s  remained 
c o n s t a n t  t h r o u g h o u t  t h e  s e r i e s  o f  r e c o r d i n g s .  E l e c t r i c a l  
s t i m u l a t i o n  was a p p l i e d  t o  th e  d o r s a l  cu tan eou s  b ranch  of 
t h e  r i g h t  r a d i a l  n e rv e .  Arrows denote  th e  end o f  t h e  t r a i n  
o f  s t i m u l u s  p u l s e s .  (D e ce reb ra te  c a t ,  i n t a c t  l a b y r i n t h s .  
Cl & C2 c u t ,  a x i s  v e r t e b r a  c lamped) .
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f i x e d  i n t e n s i t y .  The f i g u r e  i l l u s t r a t e s  t h a t  t h e  n a tu r e  o f  
t h e  i n t e r a c t i o n  r e s u l t s  in  c o n d i t i o n i n g  o f  t h e  f l e x i o n  
r e f l e x  such  t h a t  r e f l e x  s i z e  i s  a f u n c t i o n  o f  t h e  two 
d i s t i n c t  a f f e r e n t  i n p u t s .  The l a r g e s t  r e sp on se  i s  obse rved  
when t h e  head  i s  l e f t  s i d e —down and th e  limb f u l l y  
e x t e n d e d .  C o r r e s p o n d in g ly ,  th e  weakes t  r e f l e x  r e s p o n se  
r e c o r d e d  i n  t h i s  muscle  ( r i g h t  b ic e p s )  was seen  w i th  th e  
head  r o t a t e d  r i g h t  s ide-down and t h e  l imb f l e x e d .  Such 
b e h a v i o u r  c o n t r a s t s  w i th  the  behav iou r  of  th e  r i g h t  t r i c e p s  
( F ig .  73) d u r i n g  s i m i l a r  t e s t i n g .
When neck p o s i t i o n  i s  a l t e r e d  a long  w i t h  elbow 
p o s i t i o n ,  t h e  f l e x i o n  r e f l e x e s  obse rved  from a f l e x o r  from 
r i g h t  or l e f t  f o r e l i m b s  show r e c i p r o c a l  changes  i n  
i n t e n s i t y  t o  e x t e n s o r  r e f l e x e s  o b t a i n a b l e  from a p a r t i c u l a r  
l im b .  The r e f l e x  i n t e n s i t y  i s  modula ted  by p o s i t i o n a l  
ch an g e s  o f  t h e  neck and elbow to  g iv e  t h e  s t r o n g e s t  
r e s p o n s e  to  a f i x e d  s t im u lu s  w i th  t h e  neck s ide-down and 
t h e  l im b  e x te n d e d .  The weakest  r e f l e x  i s  evoked when t h e  
neck o c c u p i e s  a s id e - u p  p o s i t i o n  and th e  l imb i n  q u e s t i o n  
i s  h e ld  i n  f l e x i o n .
The c o n d i t i o n i n g  i n f l u e n c e s  on to  f l e x i o n  and 
e x t e n s i o n  r e f l e x e s ,  in  any one l im b ,  from l a b y r i n t h ,  neck 
and l im b  a p p e a r  s t r i c t l y  o rg a n i s e d  i n  r e l a t i o n  t o  each 
o t h e r .  W i th in  one l imb t h i s  o r g a n i s a t i o n  r e f l e c t s  th e  
r e c i p r o c a l  p a t t e r n  of l a b y r i n t h  r e f l e x e s  on e x t e n s o r s  and 
f l e x o r s ,  t h e  an tagon ism  between l a b y r i n t h  and neck r e f l e x e s  
and t h e i r  dépendance  on limb p o s i t i o n .
In  a d d i t i o n  to  m o n i to r in g  changes in  r e f l e x  s i z e  to  
a f i x e d  s t i m u l i ,  o b s e r v a t i o n s  were made on t h e  m od u la t io n
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o f  r e f l e x  t h r e s h o l d  w i th  changes in  p o s i t i o n  of  t h e  head,  
neck and e lbow. T h is  was done i n  o rd e r  to  a s s e s s  i f  changes 
i n  t h r e s h o l d  c o u ld  accoun t  f o r  the  o bse rved  m od u la t io n  of 
r e f l e x  i n t e n s i t y .
—Ef f e c t  .o f  l ab y r i n t h ,  neck and elbow p o s i t i o n  
■g-Q)1 .^3,tj.oninq -Q.P, segm en ta l  r e f l e x  t h r e s h o l d  in  t h e  f o r e l im b  
o f  . c a t s  w i t h  i n t a c t  l a b y r i n t h s .
The s t u d i e s  d e t a i l e d  above d e s c r i b e  changes  in  
r e f l e x  i n t e n s i t y  a s s o c i a t e d  w i th  changes i n  head ,  neck and 
elbow p o s i t i o n .  In  t h i s  s e c t i o n  of th e  t h e s i s  a d i f f e r e n t  
a p p ro a c h  of  i n v e s t i g a t i o n  of  limb i n f l u e n c e s  a f f e c t i n g  
l a b y r i n t h  and neck r e f l e x  e f f e c t s  was employed.  R a the r  than  
u t i l i z i n g  a f i x e d  s t im u lu s  to  evoke w i th d raw a l  r e f l e x e s  a t  
c o m b in a t io n s  of  l im b ,  head and neck p o s i t i o n  t h e  s t im u lu s  
i n t e n s i t y  was g r a d u a l l y  i n c r e a s e d  from z e ro ,  a t  
c o m b in a t io n s  of  p o s i t i o n s  u n t i l  an i n t e n s i t y  was reach ed  
t h a t  r e s u l t e d  i n  d e t e c t a b l e  s ig n s  of  r e f l e x  a c t i v i t y .  The 
i n t e n s i t y  evoking  t h e s e  f i r s t  o b s e r v a b le  s ig n s  o f  r e f l e x  
a c t i v i t y  was ju dged  to  be r e f l e x  t h r e s h o l d .
C ro ssed  e x te n s o r  r e f l e x e s  r e c o rd e d  i n  t h e  t r i c e p s  
m usc le s  o f  th e  f o r e l im b  show i n t e n s i t y  v a r i a t i o n s  t h a t  a r e  
d ep en d a n t  on t h e  p o s i t i o n  of  th e  head,  neck and elbow. Such 
changes  can a l s o  be seen in  measurements  of  r e f l e x  
t h r e s h o l d .  F i g .  77 g i v e s  an example of how c r o s s e d  e x te n s o r  
r e f l e x  t h r e s h o l d  a l t e r s  w i th  changes in  head and elbow 
p o s i t i o n  (F ig .  7 7 a ) ,  and neck and elbow p o s i t i o n  (F ig .
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F i g u r e  77 .  The e f f e c t  on t h e  t h r e s h o l d  of th e  c ro s s e d  
e x t e n s o r  r e f l e x  i n  th e  r i g h t  t r i c e p s  on chang ing ,  (a) head 
and r i g h t  elbow j o i n t  p o s i t i o n ,  and (b) neck and r i g h t  
elbow j o i n t  p o s i t i o n .  Ref lex  t h r e s h o l d  i s  e x p re s s e d  as a 
m u l t i p l e  o f  th e  minimum i n t e n s i t y  r e q u i r e d  to  e l i c i t  t h e  
r e f l e x  a t  any com bina t ion  of  c o n d i t i o n in g  p o s i t i o n s  of th e  
h e ad ,  neck or f o r e l i m b .  E l e c t r i c a l  s t i m u l a t i o n  of th e  
d o r s a l  c u ta n e o u s  branch of th e  l e f t  r a d i a l  ne rve  was used.  
In  (a) neck p o s i t i o n  was f i x e d  in  t h e  m i d - p o s i t i o n ,  w h i le  
i n  (b) head  p o s i t i o n  was no t  a l t e r e d  from t h e  
m i d - p o s i t i o n .  (D e ce reb ra te  c a t ,  i n t a c t  l a b y r i n t h s .  Cl & C2 
c u t )  .
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t h e  r i g h t  t r i c e p s .  The m odula t ion  seen in  F ig .  77a i s  
c o m parab le  to  t h a t  seen in  F ig .  73 in  which r e f l e x e s  were 
evoked u s i n g  a f i x e d  s t i m u l i .  With changes in  head p o s i t i o n  
F i g .  77a shows t h a t  r e f l e x  t h r e s h o l d  a t  any p a r t i c u l a r  
j o i n t  p o s i t i o n  i s  modula ted such t h a t  t h r e s h o l d  i s  lo w e s t  
w i th  t h e  head  h e ld  r i g h t  s i d e —down and h i g h e s t  w i th  head 
t i l t s  l e f t  s i d e —down. S i m i l a r l y  t h r e s h o l d  m o d u la t io n  w i th  
j o i n t  p o s i t i o n  a t  any p a r t i c u l a r  head p o s i t i o n  r e v e a l s  t h a t  
t h r e s h o l d  i s  l o w e s t  w i th  the  elbow f l e x e d  (60 d e g re e s )  , and 
i s  h i g h e s t  when f u l l y  ex tended  (165 d e g r e e s ) . C o n seq uen t ly ,  
when bo th  changes  in  head and elbow p o s i t i o n  a re  c o n s id e r e d  
t h r e s h o l d  i s  m odula ted  so t h a t  th e  r e f l e x  i n  t h e  r i g h t  
t r i c e p s  i s  most e a s i l y  evoked w i th  th e  limb f l e x e d  and th e  
head  t i l t e d  r i g h t  s ide-down, w h i le  i t  i s  most d i f f i c u l t  t o  
evoke when t h e  head i s  t i l t e d  l e f t  side-down and th e  l e f t  
l im b h e l d  i n  e x t e n s i o n .  The 3-D r e p r e s e n t a t i o n  of  t h i s  
m o d u la t io n  shows t h a t  a t  i n t e r m e d i a t e  p o s i t i o n s  t h e r e  i s  
c o n t i n u i t y  in  t h e  m o d u la t io n ,  such t h a t  a s u r f a c e  can be 
c o n s t r u c t e d  which r i s e s  from the  p o s i t i o n  of  low e s t  
t h r e s h o l d  t o  t h a t  where t h r e s h o l d  i s  a t  a maximum. I t  can 
t h e r e f o r e  be e n v is a g e d  t h a t  the  changes in  r e f l e x  i n t e n s i t y  
o b s e r v e d  i n  t h e  c ro s s e d  e x te n so r  r e f l e x  of  th e  r i g h t  
t r i c e p s  and r e s u l t i n g  from head and elbow p o s i t i o n a l  
changes  ( F ig .  73) a r e  a consequence of th e  a l t e r a t i o n s  in  
t h e  r e f l e x  t h r e s h o l d .  S i m i l a r l y ,  changes in  r e f l e x  
i n t e n s i t y  w i th  changes in  neck and elbow p o s i t i o n  (F ig .  74) 
can a l s o  be seen to  correspond  w i th  changes in  t h e  r e f l e x  
t h r e s h o l d  as  i l l u s t r a t e d  in  F ig .  77b. As both  F ig .  77a and 
b a r e  o b t a i n e d  from the  r i g h t  t r i c e p s  th e  antagonism
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be tw een  l a b y r i n t h  i n f l u e n c e s  on one hand, and neck 
i n f l u e n c e s  on t h e  o t h e r ,  can be seen .  With neck r o t a t i o n s ,  
t h e  t h r e s h o l d  f o r  t h e  c ro s se d  e x te n so r  r e f l e x  i n  t h e  r i g h t  
t r i c e p s  i s  g r e a t e s t  when th e  a x i s  v e r t e b r a  i s  r o t a t e d  to  
t h e  r i g h t  and t h e  r i g h t  fo re l im b  e x ten d ed .  R e f le x  i n t e n s i t y  
i s  a t  i t s  l o w e s t  when th e  limb i s  f l e x e d  and t h e  neck 
t i l t e d  l e f t  s ide -dow n .  T h is  form of m odula t ion  r e s u l t i n g  in  
a g r a p h ,  which i n  comparison to  t h a t  showing head-e lbow  
t h r e s h o l d  m o d u la t io n  i s  o r i e n t a t e d  such t h a t  a l l  p o i n t s  on 
t h e  neck p o s i t i o n  a x i s  have o p p o s i t e  g r a d i e n t s  to  
e q u i v a l e n t  p o i n t s  on th e  head p o s i t i o n  a x i s  o f  F i g .  77a .
As t h e  l a b y r i n t h  and neck show a n t a g o n i s t i c  
i n f l u e n c e s  on t h e  c ro s s e d  e x te n so r  r e f l e x  i n  t h e  same l imb 
i t  can be e n v is a g e d  from th e s e  f i g u r e s  (F ig .  77a and b) 
t h a t  t h e  c r o s s e d  r e f l e x  t h r e s h o l d  i s  a f f e c t e d  by l a b y r i n t h  
and neck r e f l e x  sys tem s in  an asymmetr ic  manner. I t  can 
t h e r e f o r e  be g e n e r a l l y  s t a t e d  t h a t  s ide-down t i l t s  o f  t h e  
h e ad ,  a s  d e f i n e d  w i th  r e s p e c t  to  th e  r e c o r d in g  s i t e ,  r e s u l t  
i n  a l o w e r in g  of  t h r e s h o l d  w h i l e  s id e - u p  t i l t s  i n c r e a s e  
r e f l e x  t h r e s h o l d  i n  elbow e x t e n s o r s ,  w h i le  changes i n  neck 
p o s i t i o n ,  a s  d e s c r i b e d  e a r l i e r ,  oppose th e s e  a c t i o n s .  In 
a d d i t i o n  t o  t h e s e  asymmetric  i n f l u e n c e s  a c t i n g  on o p p o s i t e  
l im b s  from l a b y r i n t h  or neck s t i m u l à t i o n  one can add th e  
i p s i l a t e r a l  j o i n t  p o s i t i o n  dependant  t h r e s h o l d  m o d u la t io n ,  
which has  a common a c t i o n  on th e  r e f l e x  of  th e  limb 
i n v o l v e d .
As w i th  th e  normal p a t t e r n  of l a b y r i n t h  and neck 
r e f l e x e s  seen  in  c a t s  w i th  i n t a c t  l a b y r i n t h s  t h e  f l e x o r  
m u s c u la tu r e  a l s o  shows changes in  r e f l e x  t h r e s h o l d  t h a t
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r e f l e c t  t h e  c o n d i t i o n i n g  i n f l u e n c e s  from th e  l a b y r i n t h  and 
n e c k .  In  t h e  c a se  of  f l e x i o n  r e f l e x e s  t h e s e  e f f e c t s  a r e  
r e c i p r o c a l l y  o r g a n i s e d  to  the  t h r e s h o l d  changes seen  in  
e x t e n s o r  r e f l e x e s .
C o n s i d e r in g  th e  i n f lu e n c e  of th e  l a b y r i n t h  on th e  
t h r e s h o l d  o f  f l e x i o n  r e f l e x e s ,  and a l s o  th e  e f f e c t  of  
c h a n g in g  l im b  p o s i t i o n  i t  can be seen  from F i g s .  7 8 and 79, 
which  r e p r e s e n t  t h r e s h o l d  m odula t ion  in  r i g h t  and l e f t  
e lbow f l e x o r s  ( b i c e p s ) ,  t h a t  r e c i p r o c a l  changes  i n  f l e x i o n  
r e f l e x  t h r e s h o l d  can be r e c o g n ise d  in  r e l a t i o n  t o ;  (1) each 
l im b  (compare  F ig .  78 to  79) ,  (2) l a b y r i n t h i n e  c o n i t i o n i n g  
b e tw een  e x t e n s o r  and f l e x o r  of a p a r t i c u l a r  l imb (compare 
F i g .  77a  t o  78) and (3) between th e  j o i n t  p o s i t i o n  
d e p e n d a n t  c o n d i t i o n i n g  i n f lu e n c e  on e x te n s o r  and f l e x o r  
r e f l e x e s  i n  a p a r t i c u l a r  limb (compare F ig .  77a w i th  78) .
F i g .  7 8 shows th e  m odula t ion  of f l e x o r  r e f l e x  
t h r e s h o l d  i n  r i g h t  b ice p s  w i th  changes in  head and elbow 
p o s i t i o n .  [T h is  f i g u r e  i s  drawn in  such a way as to  conform 
w i t h  t h e  l a y o u t  of o th e r  3-D r e p r e s e n t a t i o n s  of  t h r e s h o l d  
m o d u l a t i o n .  As a consequence of th e  form of t h e  m odu la t ion  
t h e  r e a d e r  may have d i f f i c u l t y  in  v i s u a l i s i n g  t h e  shape of 
t h e  g r a p h .  I t  i s  hoped t h a t  th e  shad ing  w i l l  f a c i l i t a t e  
t h i s .  A d d i t i o n a l l y  as a f u r t h e r  a id  a 2 -d im e n s io n a l  g raph  
has  been  i n s e r t e d  t h a t  i l l u s t r a t e s  th e  same d a t a . ]  T h is  
f i g u r e  d e m o n s t r a t e s  t h a t  t h r e s h o l d  changes seen w i th  
r o t a t i o n s  o f  th e  head r e f l e c t  t h e  i n f l u e n c e  seen from 
l a b y r i n t h i n e  r e c e p t o r s  on th e  behav iou r  of f l e x i o n  r e f l e x e s  
evoked v i a  f i x e d  s t i m u l i  in  t h i s  muscle  ( c f .  F ig .  7 6 ) .  Head 














F ig u r e  78 .  The e f f e c t  on th e  t h r e s h o l d  of  th e  f l e x i o n
r e f l e x  i n  t h e  r i g h t  b ice p s  on changing head and r i g h t
elbow p o s i t i o n .  R ef lex  t h r e s h o ld  i s  e x p re s s e d  as  a 
m u l t i p l e  of  t h e  minimum i n t e n s i t y  r e q u i r e d  to  e l i c i t  t h e  
r e f l e x  a t  any com bina t ion  of head and elbow p o s i t i o n .  Both
g r a p h s  d e p i c t e d  in  t h i s  f i g u r e  i l l u s t r a t e  th e  same d a t a .
E l e c t r i c a l  s t i m u l a t i o n  of  the  d o r s a l  cu taneous  branch  of 
t h e  r i g h t  r a d i a l  ne rve  was used.  Neck p o s i t i o n  was 
m a i n t a i n e d  i n  t h e  m id - p o s i t i o n  th rou g ho u t  th e  p e r io d  of 
t e s t i n g .  (D e c e re b ra te  c a t ,  i n t a c t  l a b y r i n t h s ,  
c u t )  .
















F ig u r e  79 .  
r e f l e x  i n  
j o i n t  p o s i  
m u l t i p l e  of  
r e f l e x  a t  
E l e c t r i c a l  
t h e  l e f t  
m a i n t a i n e d  
t e s t i n g .  (D 
c u t )  .
The e f f e c t  on th e  t h r e s h o l d  of  th e  f l e x i o n  
t h e  l e f t  b ic e p s  on changing head and l e f t  elbow 
t i o n .  Ref lex  t h r e s h o l d  i s  e x p re s s e d  as  a 
th e  minimum i n t e n s i t y  r e q u i r e d  to  e l i c i t  t h e  
any combinat ion  of  head and elbow p o s i t i o n ,  
s t i m u l a t i o n  of  th e  d o r s a l  c u ta neo u s  b ranch  of 
r a d i a l  ne rve  was used .  Neck p o s i t i o n  was 
i n  t h e  m id - p o s i t i o n  th ro u g h o u t  t h e  p e r io d  of 
e c e r e b r a t e  c a t ,  i n t a c t  l a b y r i n t h s .  Cl & C2
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reflex threshold, those to the left result in a reduced 
flexion reflex threshold. In addition, modulation occurs 
with changes in limb position so that when considered 
together, the threshold of the flexion reflex becomes a 
function of head and elbow position. The direction of 
modulation with limb position is such that there is an 
overall increase in threshold at each head position as more 
flexed limb attitudes are attained. In association with 
this, the modulation becomes deeper with more flexed joint 
angles.
The relationship described above for the modulation 
of flexion reflex threshold in the right biceps is also 
apparent in the reflex behaviour of the left biceps, (Fig. 
79) . Fig. 79 differs from Fig. 77 in respect to the effect 
head position has on the reflex threshold. The threshold at 
any particular joint position is lowest when the head is 
tilted to the right, as compared to the left in Fig. 7 8, 
and similarly, threshold is greatest when the head is 
rotated to the left rather than the right. The two figures 
demonstrate that the labyrinthine influences onto flexor 
reflex pathways on opposite sides of the animal are 
reciprocally organised. Furthermore, as joint angle can be 
seen from Figs. 78 and 79 to influence reflex threshold 
independently and has the same directional influence 
irrespective of the limb involved it can be seen that 
qualitatively the form of the surfaces defined in these two 
figures are reflections of each other in a vertical plane 
defined as parallel to the joint position axis and 
intersecting the head position axis at zero degrees. Thus
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t h e  r e s u l t s  from th e  f l e x o r  of one l imb can be th o u g h t  to  
r e f l e c t  changes  t h a t  would occur in  t h e  o p p o s i t e  s i d e  
t h r o u g h  a s im p le  t r a n s f o r m a t i o n .
S i m i l a r l y ,  though aga in  in  q u a l i t a t i v e  te rm s ,  th e  
s u r f a c e  o u t l i n e d  by the  f l e x i o n  r e f l e x  t h r e s h o l d  i n  th e  
r i g h t  l im b  a p p e a r s  as a t r a n s l a t i o n  of the  s u r f a c e  d e f i n e d  
f o r  t h e  e x t e n s o r  r e f l e x  m odula t ion  in  t h a t  l imb (F ig .  77a) . 
The t r a n s l a t i o n  i n  t h i s  r e l a t i o n s h i p  be ing  of  th e  form of a 
r e f l e c t i o n  of  each p o i n t  in  a v e r t i c a l  p lane  p a s s in g  
t h r o u g h  c o o r d i n a t e s  d e f in e d  a t  th e  f o l lo w in g  p o i n t s ;  (head 
t i l t e d  l e f t  s ide -dow n ,  limb f l e x e d ) , (head t i l t e d  r i g h t  
s id e -d o w n ,  l imb e x t e n d e d ) . This  t r a n s l a t i o n  (or 
t r a n s p o s i t i o n )  r e v e a l i n g  t h a t  two r e c i p r o c a l  r e l a t i o n s h i p s  
o p e r a t e  on t h e  o r g a n i s a t i o n  of  f l e x o r  and e x te n s o r  r e f l e x e s  
and t h a t  t h e s e  r e l a t i o n s h i p s  under l a b y r i n t h i n e  and l imb 
p r o p r i o c e p t o r  c o n t r o l  a c t  a n t a g o n i s t i c a l l y  on each of t h e s e  
r e f l e x e s .  Appendix B d e f i n e s  a s e t  of  e lem en ta ry  o p e r a t i o n s  
t h a t  summarize t h e s e  r e c i p r o c a l  r e l a t i o n s h i p s .
As F i g .  77 e x p re ssed  th e  antagonism between 
l a b y r i n t h  and neck c o n d i t i o n in g  on e x te n so r  r e f l e x e s .  F ig .
80 i l l u s t r a t e s  t h e  p r e d i c t e d  antagonism r e s u l t i n g  from 
t h e s e  s o u r c e s  on th e  magnitude of f l e x i o n  r e f l e x  t h r e s h o l d  
i n  t h e  r i g h t  b i c e p s .  The graph i l l u s t r a t e s  two s e t s  of 
t h r e s h o l d  measurements  o b t a in e d  a t  two d i f f e r n t  elbow j o i n t  
a n g l e s  (90 and 120 deg rees )  . At each of t h e s e  j o i n t  
p o s i t i o n s  i t  i s  c l e a r  t h a t  changes in  head or neck p o s i t i o n  
r e s u l t  i n  o p p o s ing  i n f l u e n c e s  on f l e x i o n  r e f l e x  t h r e s h o l d .
As i n  F i g .  7 8 t h e  t h r e s h o l d  i s  i n c r e a s e d  w i th  head 

























head or neck position
30"
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F ig u r e  80
l a b y r i n t h
t h r e s h o l d
d i f f e r e n t
e x p r e s s e d
t o  e l i c i t
p o s i t i o n s
s t i m u l a t i o n
r a d i a l  ne
l a b y r i n t h s .
Graph d e p i c t i n g  th e  antagonism between 
and neck c o n d i t i o n in g  i n f l u e n c e s  on th e  
o f  the  f l e x i o n  r e f l e x  i n  th e  r i g h t  b i c e p s  a t  two 
r i g h t  elbow j o i n t  p o s i t i o n s .  Ref lex  t h r e s h o l d  i s  
as  a m u l t i p l e  of the  minimum i n t e n s i t y  r e q u i r e d  
th e  r e f l e x  a t  any combinat ion  of c o n d i t i o n i n g  
o f  t h e  head,  neck or f o r e l i m b .  E l e c t r i c a l  
of th e  d o r s a l  cu taneous  branch of t h e  r i g h t  
rve  was used .  (D ece reb ra te  c a t ,  i n t a c t  
Cl and C2 c u t ) .
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d i r e c t e d  tow ards  t h e  l e f t .  P o s i t i o n a l  changes  of  t h e  l imb 
a l s o  a l t e r  t h r e s h o l d ,  t h i s  i n f lu e n c e  a c t i n g  i n  t h e  same 
d i r e c t i o n  a s  shown to  occur  in  F ig .  78 ,  f l e x i o n  o f  t h e  limb 
i r i c r e a s i n g  t h r e s h o l d  and e x te n s io n  reduc ing  i t .
T o g e th e r  th e  f i g u r e s  i l l u s t r a t e d  i n  t h i s  s e c t i o n  
show t h a t  t h e  t h r e s h o l d  of f l e x i o n  and e x t e n s i o n  r e f l e x e s  
can be i n f l u e n c e d  from th e  l a b y r i n t h ,  neck and t h e  l imb
i t s e l f .  The change in  t h r e s h o l d  measurements complimenting
IV
t h e  r e s u l t s  showing m odu la t ion  of r e f l e x  i n t e n s i t y  w i th  
v a r i o u s  c o n d i t i o n i n g  i n f l u e n c e s ,  and show t h a t  a s e t  of 
s p e c i f i c  r e l a t i o n s h i p s  e x i s t  t h a t  govern t h e  r e s p o n se s  
o b s e r v e d .  The b e h a v io u r  of segmental  r e f l e x e s  r e v e a l i n g  
t r e n d s  i n  t h e  p a t t e r n  of convergence and i n t e r a c t i o n  of  
i n f l u e n c e s  d e r i v e d  from head, neck and elbow p o s i t i o n .
3 . 5 . 6  The p o s s i b l e  r e c e p t o r  o r i g i n  of  th e  r e f l e x  m od u la t io n  
o b s e r v e d  t o  a r i s e  from th e  l im b s .
Changes in  l imb p o s i t i o n ,  as  used i n  t h e s e  
e x p e r i m e n t s ,  r e q u i r e  change in  th e  a n g le  of th e  l im bs on ly  
a t  t h e  elbow (see  methods) . Any change in  limb p o s i t i o n  
ab o u t  t h e  elbow w i l l  n e c e s s a r i l y  a l t e r  the  l e n g t h  of 
m usc le s  t h a t  a c t  around t h i s  j o i n t .  I t  i s  t h e r e f o r e  
n e c e s s a r y ,  i n  o r d e r  to  i d e n t i f y  the  r e c e p to r  source  of  t h i s  
m o d u la t io n  of  r e f l e x  i n t e n s i t y  and t h r e s h o l d ,  t o  c o n s id e r  
i f  t h e s e  changes  in  l e n g t h  c o n t r i b u t e  v ia  muscle  r e c e p t o r s  
t o  t h e  r e s u l t s  d e s c r i b e d  above. In an a t tem p t  to  do t h i s ,  
a n a e s t h e t i c  ( l i g n o c a i n e )  was i n j e c t e d  i n to  th e  elbow j o i n t  
c a p s u l e .  T h is  p ro c e d u re  i s  known to  b lock elbow j o i n t
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a f f e r e n t  d i s c h a r g e  bu t  not  i n t e r f e r e  w i th  muscle  r e c e p t o r  
o u t p u t  from s u r r o u n d in g  t i s s u e s .  The i n t r o d u c t i o n  of  t h e  
a n a e s t h e s i a  a b o l i s h e s  th e  modula t ion of  r e f l e x  i n t e n s i t y  
and t h r e s h o l d  w i t h  changes in  limb p o s i t i o n ,  bu t  does no t
d i s r u p t  t h e  r e f l e x  m odula t ion  from o th e r  s o u r c e s .
The l o s s  o f  i n t e n s i t y  m odula t ion  w i th  a l t e r a t i o n s
i n  l im b  p o s i t i o n  i s  shown in  F ig .  81. The f i g u r e
i l l u s t r a t e s  c r o s s e d  e x te n so r  r e f l e x e s  rec o rd ed  from th e  
r i g h t  t r i c e p s  and evoked us ing  i d e n t i c a l  s t im u lu s  t r a i n s  a t  
t h r e e  d i f f e r e n t  j o i n t  a n g le s .  Head and neck occupy th e  mid 
p o s i t i o n  i n  t h i s  example. In comparison w i th  F ig .  69 i n  
which l im b  p o s i t i o n  can be seen to  i n f lu e n c e  t h e  c ro s s e d  
e x t e n s o r  r e f l e x  t h e r e  i s  no obvious s ig n  of m odula t ion  
a s s o c i a t e d  w i t h  th e  changes in  limb p o s i t i o n .  I t  would 
t h e r e f o r e  seem to  be t h a t  d e s p i t e  a l t e r i n g  t h e  l e n g t h  of 
t h e  m u sc le s  i n  q u e s t i o n  th e  p o s i t i o n a l  change now r e s u l t s  
i n  no r e f l e x  m o d u la t io n .  The i m p l i c a t i o n  from t h i s  i s  t h a t  
t h e  r e s u l t s  d i s c u s s e d  e a r l i e r  a re  independen t  of s t r e t c h  
r e f l e x  mechanisms and t h a t  j o i n t  a f f e r e n t  a c t i v i t y  i s  
r e q u i r e d  f o r  e f f e c t i v e  r e f l e x  m odula t ion  w i th  limb 
p o s i t i o n .  That  t h i s  i s  a l s o  t r u e  f o r  changes in  r e f l e x  
t h r e s h o l d  can be seen  from F ig .  82.
In  F i g .  82 th e  m odula t ion  of c ro s s e d  e x te n so r  
r e f l e x  t h r e s h o l d  by changes in  head and elbow p o s i t i o n  a re  
p l o t t e d  b e f o r e  and a f t e r  i n j e c t i o n  of l i g n o c a i n e  (0.5ml) 
i n t o  t h e  j o i n t  c a p s u l e .  The r e s u l t s  p e r t a i n  to  th e  r i g h t  
t r i c e p s .  P r i o r  to  th e  i n j e c t i o n  th e  r e s u l t s  c o r r e l a t e  w e l l  
w i th  t h o s e  i l l u s t r a t e d  in  F ig .  77a fo r  the  same t e s t  i n  a 
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F i g u r e  81 .  The e f f e c t  of  changing  elbow j o i n t  p o s i t i o n  on 
t h e  i n t e n s i t y  o f  th e  c r o s s e d  e x te n s o r  r e f l e x  i n  t h e  r i g h t
i n j e c t i o n  o f  a 0 .5ml s o l u t i o n  of l i g n o c a i n e  
s y n o v ia l  c a v i t y  of t h e  r i g h t  elbow j o i n t ,  
neck a r e  m a in ta in e d  in  t h e  m i d - p o s i t i o n  
f i x e d  i n t e n s i t y  o f  e l e c t r i c a l  s t i m u l a t i o n  
t h e  d o r s a l  cu taneous  b ranch  of t h e  l e f t
t r i c e p s  a f t e r  
(2%) i n t o  t h e  
The head  and 
t h r o u g h o u t .  A 
was a p p l i e d  t o
r a d i a l  n e r v e ,  t h e  end o f  t h e  s t im u lu s  t r a i n  i s  deno ted  by 
t h e  a r r o w s .  (D e c e re b ra te  c a t ,  i n t a c t  l a b y r i n t h s .  Cl & C2 







R ig h t
s i d e
down Head Position down
Figure 82. The effect of injection of 0.5ml of 2% 
lignocaine into the synovial space of the right elbow 
joint on the modulation of crossed reflex threshold in the 
right triceps with changes in head and elbow position. The 
upper 'surface' shows the interaction of labyrinth and 
elbow joint conditioning inputs prior to the injection of 
lignocaine, while the lower shaded 'surface' was obtained 
after the injection. Reflex threshold is expressed as a 
multiple of the minimum intensity required to elicit the 
reflex at any combination of conditioning positions of the 
head and elbow. (Decerebrate cat, intact labyrinths. Cl & 
C2 cut, axis vertebra clamped).
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of  t h e  g rap h  i s  a l t e r e d  c o n s id e r a b ly .  (The s t i p p l e d  a re a  
r e p r e s e n t s  t h e  s u r f a c e  d e f in e d  by th e  t h r e s h o l d  
m easu rem en ts  made a f t e r  j o i n t  a n a e s t h e s i a .  I t  sh o u ld  be 
n o t e d  t h a t  t h e  t h r e s h o l d  measurements a r e  e x p r e s s e d  as  
m u l t i p l e s  o f  t h e  lo w es t  i n t e n s i t y  of s t i m u l u s  r e q u i r e d  to  
evoke a r e f l e x  r e s p o n se  and t h a t  the  a b s o l u t e  v a lu e  of  t h i s  
s t i m u l u s  was t h e  same b e fo re  and a f t e r  j o i n t  a n a e s t h e s i a . )
Loca l  a n a e s t h e s i a  of t h e  j o i n t  c a p s u l e  has  
e f f e c t i v e l y  a b o l i s h e d  th e  r e f l e x  m o du la t ion  which 
accompanied  changes  in  elbow p o s i t i o n .  T h resho ld  
m easu rem en ts  a t  any one head p o s i t i o n  remain u n a l t e r e d  w i th  
l im b p o s i t i o n a l  changes .  Changes in  head p o s i t i o n ,  however 
a r e  s t i l l  c a p a b le  of  m odula t ing  r e f l e x  t h r e s h o l d .  T h is  
m o d u la t io n  i s  now seen to  be in d ependen t  of l imb p o s i t i o n  
and a s  such has  r e s u l t e d  in  an o v e r a l l  r e d u c t i o n  in  
t h r e s h o l d  a t  a l l  head p o s i t i o n s .  Th is  r e d u c t i o n  i s  most 
o b v io u s  a t  165 and 120 d e g re e s .  From t h i s  i t  a p p e a r s  t h a t  
by removing t h e  j o i n t  a f f e r e n t  d i s c h a r g e  th e  m o du la t io n  
from l a b y r i n t h i n e  i n f l u e n c e s  onto c ro s s e d  e x t e n s o r  r e f l e x  
pa thw ays  a p p ro a c h e s  t h a t  seen w i th  t h e  limb f l e x e d  p r i o r  to  
j o i n t  a n a e s t h e s i a .  Thus i t  would seem t h a t  a t  more e x tended  
p o s i t i o n s  t h e r e  has been a l o s s  of some i n h i b i t o r y  i n p u t ,  
so t h a t  a r e d u c t i o n  in  t h r e s h o l d  becomes a p p a r e n t .  That  
t h r e s h o l d  i s  r edu ced ,  im p l i e s  t h a t  th e  e x c i t a b i l i t y  of  th e  
r e f l e x  sys tem  has i n c r e a s e d  t h e r e f o r e  i t  i s  d i f f i c u l t  to  
im ag ine  t h a t  t h e  l i g n o c a i n e ,  th rough  be ing  t a k e n  up v i a  th e  
j o i n t  c i r c u l a t i o n  has had a c e n t r a l  d e p r e s s a n t  e f f e c t .
On i n j e c t i n g  a n a e s t h e t i c  i n t o  th e  j o i n t  n o t  only  
were r e d u c t i o n s  in  t h r e s h o l d  observed  w i th  c r o s s e d  e x te n s o r
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r e f l e x e s  b u t  a l s o  i p s i l a t e r a l  f l e x i o n  w i th d ra w a l  r e f l e x e s .  
However, w hereas  e x te n s o r  r e f l e x  t h r e s h o l d  a f t e r  
a n a e s t h e s i a  a t  a l l  j o i n t  ang le s  approached  t h r e s h o l d  v a lu e s  
g a in e d  p r e v i o u s l y  ( b e fo re  l i g n o c a i n e  i n j e c t i o n )  w i th  th e  
l im b  i n  f l e x i o n ,  t h e  f l e x i o n  r e f l e x  t h r e s h o l d s  approach  
v a l u e s  o b t a i n e d  when ex tended  p o s i t i o n s  were m o n i to re d .
Thus a n a e s t h e s i a  a f f e c t s  c ro s se d  e x t e n s i o n  and i p s i l a t e r a l  
f l e x i o n  r e f l e x e s  i n  o p p o s i t e  ways bu t  a c t s  so t h a t  p o s t  
a n a e s t h e s i a  v a lu e s  f o r  t h r e s h o l d  approach  t h e  lo w e s t  
v a l u e s  seen  p r i o r  to  t h e  i n j e c t i o n ,  c o re sp o n d in g  to  
t h r e s h o l d  measurements  made w i th  th e  l imb f l e x e d  f o r  
e x t e n s o r  r e f l e x e s  and ex tended  f o r  f l e x i o n  r e f l e x e s .
In  s e v e r a l  an im als  fo l lo w in g  s u c c e s f u l  c o m p le t io n  
o f  a run o f  t h r e s h o l d  measurements ,  i n j e c t i o n  of  
a n a e s t h e s i a  i n t o  th e  j o i n t  r e s u l t e d  i n  th e  an im al  becoming 
more e x c i t a b l e  (as in  agreement  w i th  th e  r e s u l t s  j u s t  
d e s c r i b e d )  . However, i t  was o f t e n  th e  case  t h a t  t h i s  
i n c r e a s e  i n  e x c i t a b i l i t y  r e s u l t e d  i n  an u n s t a b l e  background 
on which t o  make t h r e s h o l d  measurements  w i th  any d eg ree  of 
a c c u r a c y .  What was a p p a re n t  was t h a t  e x te n s o r  and f l e x o r  
r e f l e x e s  co u ld  be evoked by u s in g  s t i m u l i  l e s s  i n t e n s e  th an  
was r e q u i r e d  p r i o r  to  i n j e c t i o n ,  though i t  was o f t e n  th e  
c a se  t h a t  a change in  e x c i t a b i l i t y  would occu r  p r i o r  to  th e  
c o m p le t io n  of  a run of  t e s t s .  I t  was a l s o  n o t i c e d  t h a t  
changes  i n  head or neck p o s i t i o n  would evoke r e c o r d a b l e  
r e f l e x e s  t h e m s e lv e s ,  whereas p r i o r  to  a n a e s t h e s i a  no 
d e t e c t a b l e  EMG changes were seen on head or neck t i l t .  Thus 
under  t h e s e  c i r c u m s ta n c e s  i t  was d i f f i c u l t  to  o b t a i n  
r e p e a t a b l e  measurements a t  com bina t ions  of head ,  neck and
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elbow p o s i t i o n .  I t  i s  t h e r e f o r e  only p o s s i b l e  to  g a i n  a 
s u b j e c t i v e  r a t h e r  th an  q u a n t i t a t i v e  im p re s s io n  from th e s e  
e x am p le s ,  b u t  i n  a l l  c a se s  i t  was a p p a r e n t  t h a t  j o i n t  
p o s i t i o n  f o l l o w i n g  a n a e s t h e s i a  had no e f f e c t  on r e f l e x  
i n t e n s i t y  or t h r e s h o l d  so long as  a s t a b l e  background was 
m a i n t a i n e d .
■3-t6 t0  Limb p o s i t i o n a l  i n f l u e n c e s on l a b y r i n t h  and neck 
c o n d i t i on ing  o f  p r o t e c t i v e  r e f l e x e s  in  l e f t  
h e m i l a b y r i n t h e c t o m i z e d  c a t s .
In  p r e v i o u s  s e c t i o n s  th e  p a t t e r n  o f  l a b y r i n t h i n e  
and neck r e f l e x e s  rec o rd ed  in  th e  a c u te
h e m i l a b y r i n t h e c t o m i z e d  c a t  have been d e s c r i b e d .  I t  i s  t h e  
o b j e c t  of  t h i s  s e c t i o n  to  s t r e n g th e n  t h e s e  o b s e r v a t i o n s  by 
exam in ing  c o n d i t i o n i n g  i n f l u e n c e s  from th e  rem ain ing  
l a b y r i n t h  and from th e  neck on e x t e n s i o n  and f l e x i o n  
r e f l e x e s  i n  bo th  f o r e l i m b s ,  and i n  a d d i t i o n  to  examine i f  
j o i n t  p o s i t i o n  i s  e f f e c t i v e  in  m odu la t ing  t h e s e  r e f l e x e s .
3 . 6 . 1  M odu la t ion  o f  c ro s s e d  e x te n s o r  r e f l e x e s  in  t h e  
f o r e l i m b s  o f  t h e  a c u te  c a t .
C ro ssed  e x te n s o r  r e f l e x e s  in  c a t s  w i th  i n t a c t  
l a b y r i n t h s  show m odula t ion  in  i n t e n s i t y  and t h r e s h o l d  t h a t  
i s  d e p en d a n t  on com binat ions  of head, neck and elbow 
p o s i t i o n .  In  th e  normal c a t  t h i s  m odula t ion  r e f l e c t s  th e  
f a c i l i t a t o r y  i n f l u e n c e s  from th e  l a b y r i n t h  and neck .  On 
d e s t r u c t i o n  o f  one l a b y r i n t h  ( l e f t  s id e )  t h e r e  i s  a change
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in the organisation of labyrinth reflexes recorded from 
forelimb extensors.
In the left triceps the labyrinth reflex is not 
altered following left labyrinthectomy. In the following 
figures it will be demonstrated that when no apparent 
reflex activity accompanies a head tilt that a conditioning 
influence from the labyrinth and neck is evident onto 
crossed extensor reflex pathways, and that this 
conditioning is consistent with the reflex pattern observed 
directly in these muscles. Limb positional information will 
also be demonstrated to be of importance in modulating 
these reflexes, and it will be shown that the limb acts as 
in the normal preparations.
[ As described in the section on limb influences in 
normal cats the results from this section were also 
obtained from animals that during the course of an 
experiment entered a state of excitability from which no 
direct reflexes could be observed following head or neck 
rotation. In acute animals prolonged reflex testing and 
conditioning would inevitably result in an excitability 
change which would compromise complete evaluation of reflex 
modulation. For this reason only a limited number of tests 
could be completed without changes in background activity. 
These incomplete examples conform with the results drawn 
from examples where levels of excitability were stable long 
enough to complete a series of tests.]
Electrical stimulation of the right radial nerve 
with a fixed stimulus train results in crossed extensor 
reflexes in the left triceps that are dependant on head.
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neck and elbow p o s i t i o n .  In F ig .  83 r e f l e x e s  from th e  l e f t  
t r i c e p s  a r e  shown t h a t  r e f l e c t  t h i s  dépendance .  With 
chang es  i n  head  p o s i t i o n  (Fig. 83a) r e f l e x  i n t e n s i t y  i s  
a l t e r e d  i n  a s p e c i f i c  manner. R o ta t i o n s  of  t h e  head to  th e  
l e f t  i n c r e a s e  t h e  s i z e  of the  r e f l e x  w h i l e  r o t a t i o n s  to  th e  
r i g h t  r e d u c e  i t  when compared to  t h a t  o b t a i n e d  i n  t h e  mid 
p o s i t i o n .  C o n v e r s e ly ,  neck r o t a t i o n s  (F ig .  83b) a c t  i n  th e  
o p p o s i t e  d i r e c t i o n ,  th u s  in  the  l e f t  l imb t h e  m o d u la t io n  of 
e x t e n s o r  r e f l e x e s  shows th e  normal p a t t e r n  of  c o n d i t i o n i n g  
d e s p i t e  t h e  l o s s  of  th e  i p s i l a t e r a l  l a b y r i n t h .  S i m i l a r l y ,  
t h e  e f f e c t s  seen  w i th  changes in  l imb p o s i t i o n  a l s o  conform 
w i th  t h a t  seen  in  normal c a t s .  This  i s  i l l u s t r a t e d  i n  F ig .
84 and i s  d i r e c t l y  comparable to  F ig .  72 o b t a i n e d  from a 
norm al  a n im a l .  In t h i s  f i g u r e  (84) t h e  p o s i t i o n a l  i n f l u e n c e  
from t h e  l im b i s  seen to  modulate  th e  c o n d i t i o n i n g  from th e  
l a b y r i n t h  such t h a t  th e  l a r g e s t  r e f l e x e s  a r e  seen in  
f l e x i o n  and t h e  weakest  in  ex tended l imb p o s i t i o n s .
The l o s s  of  th e  l e f t  l a b y r i n t h  does n o t  appear  to 
a f f e c t  c o n d i t i o n i n g  of  l e f t  e x te n so r  r e f l e x e s ,  though in  
t h e  r i g h t  l im b th e  p a t t e r n  of e x te n s o r  m o d u la t io n  does not  
conform to  t h e  normal p a t t e r n .  F ig .  85 i l l u s t r a t e s  t h e  
v a r i a t i o n s  in  t h e  s i z e  of the  c ro s s e d  e x te n s o r  r e f l e x  i n  
r i g h t  t r i c e p s  w i th  changes in  head and elbow p o s i t i o n .  
Comparison  w i th  F ig .  73,  where th e  same t e s t s  a r e  c a r r i e d  
o u t  on a normal an im al ,  c l e a r l y  h i g h l i g h t  t h a t  a l th o u g h  
j o i n t  p o s i t i o n  dependant  m odula t ion  i s  in  t h e  same 
d i r e c t i o n  t h e r e  i s  a r e v e r s a l  in  th e  c o n d i t i o n i n g  i n f l u e n c e  
from t h e  l a b y r i n t h .  The f i g u r e  t a k e s  t h e  same form as t h a t  














F i g u r e  83 .  The m odula t ion  of  c ro s s e d  e x te n s o r  r e f l e x  
i n t e n s i t y  i n  t h e  l e f t  t r i c e p s  w ith  changes in  (a) head 
p o s i t i o n  and (b) neck p o s i t i o n  i n  an a c u t e l y  
h e m i l a b y r i n th e c t o m iz e d  c a t .  A f i x e d  i n t e n s i t y  of  
s t i m u l a t i o n  was a p p l i e d  to  th e  d o r s a l  cu taneous  branch  of 
t h e  l e f t  r a d i a l  n e rve  th ro u g h o u t .  The arrows deno te  th e  
end o f  t h e  t r a i n  o f  s t im u lu s  p u l s e .  In  (a) t h e  neck was 
f i x e d  .in t h e  m i d - p o s i t i o n ,  w h i le  in  (b) t h e  head was f i x e d  
i n  t h e  m i d - p o s i t i o n .  (D e ce reb ra te  c a t ,  l e f t
h e m i l a b y r in th e c to m y  c a r r i e d  ou t  im m edia te ly  p r i o r  to  
d e c e r e b r a t i o n .  Cl & C2 c u t ) .
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F i g u r e  84 .  The e f f e c t  of changing head and l e f t  elbow 
j o i n t  p o s i t i o n  on t h e  i n t e n s i t y  of th e  c ro s s e d  e x te n s o r  
r e f l e x  r e c o r d e d  i n  th e  l e f t  t r i c e p s  o f  an a c u t e l y
h e m i l a b y r i n t h e c t o m i z e d  c a t .  E l e c t r i c a l  s t i m u l a t i o n  of th e  
d o r s a l  c u ta n e o u s  branch  of th e  r i g h t  r a d i a l  ne rve  a t  a 
f i x e d  i n t e n s i t y  was used th ro u g h o u t .  The a rrows denote  the  
end o f  t h e  t r a i n  of  s t im u lu s  p u l s e s .  (D e ce reb ra te  c a t ,  
l e f t  h e m i l a b y r i n th e c t o n y  performed im m edia te ly  p r i o r  to  
d e c e r e b r a t i o n .  Cl & C2 c u t ,  a x i s  v e r t e b r a  clamped) .
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F ig u r e  85 .  The e f f e c t  of  changing head and r i g h t  elbow 
j o i n t  p o s i t i o n  on th e  i n t e n s i t y  of the  c ro s se d  e x te n s o r  
r e f l e x  r e c o r d e d  i n  t h e  r i g h t  t r i c e p s  of  an a c u t e l y
h e m i l a b y r i n th e c t o m iz e d  c a t .  E l e c t r i c a l  s t i m u l a t i o n  of th e  
d o r s a l  c u ta n e o u s  branch of  the  l e f t  r a d i a l  ne rve  a t  a 
f i x e d  i n t e n s i t y  was used th ro u g h o u t .  The arrows denote  the  
end o f  t h e  t r a i n  of s t im u lu s  p u l s e s .  (D ece reb ra te  c a t ,  
l e f t  h e m i l a b y r i n th e c t o n y  performed immedia te ly  p r i o r  to 
d e c e r e b r a t i o n .  Cl & C2 c u t ,  a x i s  v e r t e b r a  c lamped) .
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r e v e r s a l  i n  l a b y r i n t h i n e  c o n d i t i o n i n g .  F ig .  85 p a r a l l e l i n g  
a c t i o n s  n o r m a l ly  a s s o c i a t e d  w i th  neck r o t a t i o n  in  t h e  r i g h t  
l im b  i n  b o th  normal (Fig .  74) and a c u te  (F ig .  86) 
p r e p a r a t i o n s .  Thus in  terms of i n t e r a c t i o n s  between 
l a b y r i n t h  and neck r e f l e x e s  th e  normal an tagonism  i s  
r e p l a c e d  i n  t h e  r i g h t  limb by c o n d i t i o n in g  i n f l u e n c e s  t h a t  
a c t  i n  t h e  same d i r e c t i o n  ( i e .  head r o t a t i o n s  to  t h e  r i g h t  
d e p r e s s  t h e  c r o s s e d  e x te n so r  r e f l e x  as  do neck r o t a t i o n s  i n  
t h e  same d i r e c t i o n ) .
The r e v e r s a l  of th e  l a b y r i n t h  i n f l u e n c e  on th e  
c r o s s e d  e x t e n s o r  pathway i s  a l s o  e v id e n t  when changes in  
r e f l e x  t h r e s h o l d  a r e  c o n s id e re d .  T hresho ld  measurements  
( F ig .  87) show p a r a l l e l  changes t o  th o se  seen in  r e f l e x  
i n t e n s i t y .  The t h r e s h o l d  low er ing  w i th  head t i l t s  toward 
t h e  l e f t  and i n c r e a s i n g  on head r o t a t i o n s  to  t h e  r i g h t .  The 
g rap h  d e s c r i b i n g  t h e s e  t h r e s h o ld  changes ,  a s  w e l l  as th o s e  
a s s o c i a t e d  w i t h  changes in  limb p o s i t i o n  (F ig .  87) has  i t s  
peak  i n  t h e  o p p o s i t e  co rne r  to t h a t  seen f o r  th e  same l imb 
i n  c a t s  w i th  i n t a c t  l a b y r i n t h s  (F ig .  7 7 a ) . The m od u la t io n  
o f  r i g h t  c r o s s e d  e x te n so r  r e f l e x e s  in  l e f t  
h e m i l a b y r i n th e c t o m iz e d  c a t s  w i th  changes in  head and elbow 
p o s i t i o n  r e s e m b l in g  t h a t  d e p ic te d  to  occur w i th  neck 
r o t a t i o n s  i n  normal c a t s  (F ig .  7 7 b ) . Another example of 
t h i s ,  which emphasizes  t h a t  fo l lo w in g  h e m i lab y r in th e c to m y  
head and neck t i l t s  a c t  in  a s i m i l a r  f a s h io n  ( r e g a r d in g  
t h e i r  c o n d i t i o n i n g  in f lu e n c e )  i s  shown in  F ig .  88. In t h i s  
f i g u r e  t h r e s h o l d  measurements in  th e  r i g h t  t r i c e p s  were 
made f o l l o w i n g  head or neck r o t a t i o n s  a t  one elbow j o i n t  
a n g l e .  In  comparing i n d i v i d u a l  measurements from t h i s
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F i g u r e  86 .  The e f f e c t  of  c h a n g in g  neck and r i g h t  elbow 
j o i n t  p o s i t i o n  on t h e  i n t e n s i t y  o f  t h e  c r o s s e d  e x t e n s o r  
r e f l e x  r e c o r d e d  i n  t h e  r i g h t  t r i c e p s  o f  an a c u t e l y  
h e m i l a b y r i n t h e c t o m i z e d  c a t .  E l e c t r i c a l  s t i m u l a t i o n  of  t h e  
d o r s a l  c u ta n e o u s  b ran c h  of  t h e  l e f t  r a d i a l  n e rv e  a t  a 
f i x e d  i n t e n s i t y  was used  t h r o u g h o u t .  The a r row s  d e n o te  th e  
end o f  t h e  s t i m u l u s  t r a i n .  ( D e c e r e b r a t e  c a t ,  l e f t  
h e m i l a b y r i n th e c t o m y  p e r fo rm ed  im m e d ia te ly  p r i o r  to  
d e c e r e b r a t i o n .  Cl & C2 c u t ,  head  f i x e d  i n  t h e  
m i d - p o s i t i o n ) .








F ig u r e  87 .  The e f f e c t  on th e  t h r e s h o l d  o f  th e  c ro s s e d  
e x t e n s o r  r e f l e x  i n  th e  r i g h t  t r i c e p s  on changing head and 
r i g h t  elbow j o i n t  p o s i t i o n  i n  an a c u t e l y  
h e m i l a b y r i n th e c t o m iz e d  c a t .  Reflex  t h r e s h o l d  i s  e x p re s s e d  
a s  a m u l t i p l e  of th e  minimum i n t e n s i t y  r e q u i r e d  to  e l i c i t  
t h e  r e f l e x  a t  any com bina t ion  of head and elbow p o s i t i o n .  
E l e c t r i c a l  s t i m u l a t i o n  of  th e  d o r s a l  cu tan eo us  b ranch  of 
t h e  l e f t  r a d i a l  ne rve  was used.  (D e ce reb ra te  c a t ,  l e f t  
h e m i la b y r in th e c to m y  performed immedia te ly  p r i o r  to  





















head or neck position
F i g u r e  88 .  Graph i l l u s t r a t i n g  th e  independan t  modula t ion 
o f  c r o s s e d  e x t e n s o r  r e f l e x  t h r e s h o l d  by head and neck 
p o s i t i o n  i n  t h e  r i g h t  t r i c e p s  o f  an a c u t e l y  
h e m i l a b y r i n t h e c t o m i z e d  c a t .  Ref lex  t h r e s h o l d  i s  ex p re ssed  
a s  a m u l t i p l e  of th e  minimum i n t e n s i t y  r e q u i r e d  to  e l i c i t  
t h e  r e f l e x .  E l e c t r i c a l  s t i m u l a t i o n  of th e  d o r s a l  cu taneous  
b ra n c h  o f  t h e  l e f t  r a d i a l  nerve  was used.  The r i g h t  elbow 
j o i n t  was f i x e d  a t  one p o s i t i o n  th ro u gh o u t  th e  s e r i e s  of 
r e c o r d i n g s  (120 d e g r e e s ) . (D ece reb ra te  c a t ,  l e f t  
h e m i l a b y r in th e c to m y  performed immedia te ly  p r i o r  to  
d e c e r e b r a t i o n .  Cl & 02 c u t ) .
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f i g u r e  i t  can  be seen t h a t  i f  the  head or neck i s  r o t a t e d  
t o  t h e  l e f t  or  to  t h e  r i g h t  the  r e f l e x  t h r e s h o l d  d e c r e a s e s  
o r  i n c r e a s e s  r e s p e c t i v e l y .  This f i g u r e  a l th o u g h  d e a l in g  
w i th  r e f l e x  t h r e s h o l d  on comparison w i th  F ig ,  83 (which 
shows i n t e n s i t y  v a r i a t i o n s  in  th e  l e f t  t r i c e p s )  c l e a r l y  
shows t h a t  t h e  r i g h t  e x ten so r  muscle r e c e i v e s  an abnormal 
i n f l u e n c e  from th e  l a b y r i n t h  and t h a t  th e  r e s u l t a n t  
r e v e r s a l  o f  t h e  c o n d i t i o n in g  p a t t e r n  p ro v id e s  i n a p p r o p r i a t e  
i n t e r a c t i o n  w i th  neck r e f l e x  i n f l u e n c e s  onto t h a t  muscle ,
3-j-6..t .2 The d i s r up t i o n  o f. l a b y r i n t h  c o n d i t i o n in g  o n to  f l e x o r  
x e f l e x  pa thw ays  fo l lo w in g  l e f t  h em i lab y r in th e c to m y ,
J u s t  a s  t h e  l e f t  e x ten so r  muscles show a normal 
p a t t e r n  o f  r e f l e x e s  in  the  acu te  animal  so a l s o  do th e  l e f t  
f l e x o r  m u s c l e s .  T h is  i s  a l s o  t r u e  fo r  c o n d i t i o n in g  
i n f l u e n c e s  o n to  f l e x i o n  r e f l e x e s  in  l e f t  b ic e p s  and 
b r a c h i a l i s  o b s e rv e d  d u r in g  r o t a t i o n  of the  head (F ig ,  8 9 ) ,  
The e f f e c t s  o n to  th e  r i g h t  f l e x o r  muscles  a r e ,  however, 
r e v e r s e d .  Head t i l t s  to  the  l e f t  d e p re s s in g  f l e x i o n  
r e f l e x e s  i n  t h e  r i g h t  limb and t i l t s  to  the  r i g h t  
f a c i l i t a t i n g  t h e s e  r e f l e x e s  (Fig ,  90) ,  This  p a t t e r n  o f  
m o d u la t io n  i n  t h i s  muscle  resem bl ing  t h a t  observed  w i th  
neck r o t a t i o n s  r a t h e r  than head t i l t s  in  c a t s  w i th  i n t a c t  
l a b y r i n t h s  ( see  t h r e s h o l d  measurements in  F ig ,  B Q )  ,
The p a t t e r n  of  neck c o n d i t i o n in g  i n f l u e n c e s  on 
e x t e n s o r  r e f l e x e s  in  th e  a cu te  animal was shown by F i g s .  86 
and 88 t o  be  norm al .  F lex ion  r e f l e x  c o n d i t i o n in g  by 
ch an g in g  neck  p o s i t i o n  i s  a l s o  u n a f f e c t e d  by l e f t
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F i g u r e  89 .  The e f f e c t
i n t e n s i t y  o f  t h e  f l e x i  
b r a c h i a l i s  o f  an acu
E l e c t r i c a l  s t i m u l a t i o n  
t h e  l e f t  r a d i a l  n e rv e  
t h r o u g h o u t .  The a r row s
t r a i n .  ( D e c e r e b r a t e  
p e r fo rm e d  im m e d ia te ly  p r  
a x i s  v e r t e b r a  c l a m p e d ) .
of  a l t e r i n g  head  p o s i t i o n  on t h e  
on r e f l e x  r e c o r d e d  from t h e  l e f t  
t e l y  h e m i l a b y r i n t h e c t o m i z e d  c a t .  
o f  t h e  d o r s a l  c u ta n e o u s  b ra n c h  of 
a t  a f i x e d  i n t e n s i t y  was used 
d e n o te  t h e  end o f  t h e  s t i m u l u s  
c a t ,  l e f t  h e m i l a b y r i n th e c t o m y  
i o r  to  d e c e r e b r a t i o n ,  Cl & C2 c u t .






F i g u r e  90 .  The e f f e c t  of a l t e r i n g  head p o s i t i o n  on th e  
i n t e n s i t y  o f  th e  f l e x i o n  r e f l e x  r e c o rd e d  from th e  r i g h t  
b i c e p s  o f  an a c u t e l y  h e m i la b y r in th e c to m iz e d  c a t .  
E l e c t r i c a l  s t i m u l a t i o n  of  th e  d o r s a l  cu taneous  branch of 
t h e  r i g h t  r a d i a l  ne rve  a t  a f i x e d  i n t e n s i t y  was used 
t h r o u g h o u t .  The arrows denote  th e  end o f  th e  s t im u lu s  
t r a i n .  (D e ce reb ra te  c a t ,  l e f t  hem i laby r in th ec tom y  
p e r fo rm e d  im m edia te ly  p r i o r  to  d e c e r e b r a t i o n .  Cl & C2, 
a x i s  v e r t e b r a  c lam ped) .
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l a b y r i n t h e c t o m y ,  t h e  magnitude of th e  r e f l e x  i n  bo th  r i g h t  
and l e f t  f l e x o r s  showing th e  normal asymmetric  ( though 
a n t a g o n i s t i c )  neck r e f l e x  o r g a n i s a t i o n .  In a d d i t i o n  t h e  
p o s i t i o n a l  i n f l u e n c e  from the  limb onto  t h e s e  r e f l e x e s  i s  
unchanged  when compared to  normal (F ig .  91) . The r e c t i f i e d  
and i n t e g r a t e d  EMG' s of  F ig .  91 showing ( r i g h t  b ic e p s )  t h a t  
t h e  f l e x i o n  r e f l e x  i n c r e a s e s  in  magnitude w i th  s ide-down 
neck r o t a t i o n s  and the  limb he ld  in  ex tended  p o s i t i o n s .  As 
w i th  t h e  e x t e n s o r s  from th e  r i g h t  l im b,  due to  t h e  r e v e r s a l  
o f  l a b y r i n t h  i n f l u e n c e  fo l lo w in g  a c u te  h e m i la b y r in th e c to m y ,  
t h e  n a t u r e  of  th e  r e f l e x  o r g a n i s a t i o n  between head and neck 
r e s u l t s  i n  s y n e r g i s t i c  r a t h e r  than  a n t a g o n i s t i c  r e f l e x e s .
The r e s u l t s  d e s c r ib e d  above show t h a t  de sce n d in g  
c o n d i t i o n i n g  i n f l u e n c e s  can a l t e r  th e  e x p r e s s io n  of  c r o s s e d  
e x t e n s o r  and i p s i l a t e r a l  f l e x i o n  r e f l e x e s .  I n t e r e s t i n g l y ,  
i n  t h e  same exper im en t  as  F ig .  91 was o b t a i n e d  from i t  was 
n o t i c e d  t h a t  on t r y i n g  to  r e p e a t  th e  same t e s t s  t h a t  t h e  
r i g h t  b i c e p s  now d i s p l a y e d  a high l e v e l  of r e s t i n g  
a c t i v i t y ,  and t h a t  p r e s e n t a t i o n  o f  an i d e n t i c a l  s t i m u l u s  to  
t h e  r i g h t  r a d i a l  nerve  as had been used in  F ig .  91 no 
l o n g e r  r e s u l t e d  in  th e  normal e x p r e s s io n  of  a f l e x i o n  
r e f l e x .  The s t im u lu s  r e s u l t i n g  i n  a s u p p r e s s io n  of EMG 
a c t i v i t y .  However, l i k e  the  m odula t ion  of  f l e x i o n  r e f l e x e s  
i n  F i g .  91 w i th  changes in  neck p o s i t i o n  t h e  amount of 
i n h i b i t i o n  seen on s t i m u l a t i o n  was a l s o  a l t e r e d  by chang ing  
t h e  p o s i t i o n  of  th e  neck (F ig .  9 2 ) .  R o t a t i o n s  to  t h e  l e f t  
r e s u l t e d  i n  g r e a t e r  s ig n s  of i n h i b i t i o n  of  spon taneous  
a c t i v i t y  when compared to  t e s t s  when th e  neck was in  th e  
mid p o s i t i o n ,  w h i le  r o t a t i o n s  to  th e  r i g h t  r e s u l t e d  i n  a
elbow joint position






F i g u r e  91
p o s i t i o n
b i c e p s
E l e c t r i c a l
t h e  r i g h t
t h r o u g h o u t
t r a i n .
p e r fo rm e d
head f i x e d
The e f f e c t  of changing neck and r i g h t  elbow 
on t h e  i n t e n s i t y  of f l e x i o n  r e f l e x e s  in  t h e  r i g h t  
o f  an a c u t e l y  h e m i la b y r in th e c to m iz e d  c a t .  
s t i m u l a t i o n  of  th e  d o r s a l  c u tan eo us  b ranch  of 
r a d i a l  ne rve  a t  a f i x e d  i n t e n s i t y  was used 
The arrows denote  th e  end o f  th e  s t im u lu s  
(D e c e re b ra te  c a t ,  l e f t  h e m i la b y r in th e c to m y  
im m edia te ly  p r i o r  to  d e c e r e b r a t i o n .  Cl & 02 c u t ,  







I s e c
F i g u r e  92 .  The e f f e c t  of  changing neck p o s i t i o n  on th e  
abnorm al  r e f l e x  response  of  th e  r i g h t  b ic e p s  of  an a c u t e l y  
h e m i l a b y r i n th e c t o m iz e d  c a t  fo l lo w in g  e l e c t r i c a l  
s t i m u l a t i o n  o f  t h e  r i g h t  r a d i a l  ne rve  a t  a f i x e d  s t r e n g t h .  
The p r e p a r a t i o n  and th e  i n t e n s i t y  of  s t i m u l a t i o n  i s  t h e  
same a s  i n  F ig  91. The arrows deno te  t h e  end of  t h e  
s t i m u l u s  t r a i n .  (D ece reb ra te  c a t ,  l e f t  h e m i lab y r in th e c to m y  
p e r f o r m e d  im m edia te ly  p r i o r  to  d e c e r e b r a t i o n .  Cl & C2 c u t ,  
head  f i x e d  i n  m i d - p o s i t i o n ) .
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r e d u c t i o n  i n  t h e  amount o f  i n h i b i t i o n  e v i d e n t .  Such s i g n s  
o f  m o d u la t io n  have  d i r e c t  p a r a l l e l s  w i t h  t h o s e  seen  when 
e x c i t a t o r y  r e f l e x e s  r e s u l t  on p e r i p h e r a l  s t i m u l a t i o n .  Neck 
r o t a t i o n s  t o  t h e  l e f t  showing l e a s t  f a c i l i t a t o r y  d r i v e  and 
neck r o t a t i o n s  t o  t h e  r i g h t  r e v e a l i n g  t h e  g r e a t e s t  
f a c i l i t a t i o n  o f  t h e  r e f l e x  p a thw ays  i n v o l v e d .  The 
m o d u la t i o n  o f  what a p p e a r s  a s  a r e v e r s e d  f l e x i o n  r e f l e x  by 
c hanges  i n  neck p o s i t i o n  r e v e a l s  t h a t  a l t h o u g h  a 
v a r i a b i l i t y  can  be p r e s e n t  i n  t h e  r e s p o n s e  t o  p e r i p h e r a l  
s t i m u l a t i o n  t h e  d e s c e n d in g  i n f l u e n c e s  t e n d  t o  rem ain  a c t i n g  
i n  one d i r e c t i o n .
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CHAPTER 4 .  D i s c u s s i o n .
The r e s u l t s  p r e s e n t e d  i n  t h i s  t h e s i s  a r e  d i s c u s s e d  
i n  r e l a t i o n  t o  our  p r e s e n t  u n d e r s t a n d i n g  o f  l a b y r i n t h  and 
neck r e f l e x e s ,  t h e i r  i n t e r a c t i o n s  and p o s s i b l e  f u n c t i o n a l  
s i g n i f i c a n c e .  I w i l l  a l s o  d i s c u s s  how t h e  r e s u l t s  from 
a c u t e  h e m i l a b y r i n t h e c t o m i z e d  p r e p a r a t i o n s  have  c o n t r i b u t e d  
t o  our u n d e r s t a n d i n g  o f  pa thw ays  t h a t  may be i n v o l v e d  i n  
t o n i c  l a b y r i n t h  r e f l e x e s  i n  normal  c a t s ,  and f i n a l l y ,  how 
t h e  r e s u l t s  g a in e d  from c h r o n i c  h e m i l a b y r i n t h e c t o m i z e d  
a n im a l s  s u g g e s t  a c h a l l e n g e  to  con tem p o ra ry  v iews on 
co m p e n sa t io n  from v e s t i b u l a r  d e f i c i t s .  The f i r s t  s e c t i o n  o f  
t h e  d i s c u s s i o n  c o n c e rn s  t h e  adequacy o f  t h e  n a t u r a l  
s t i m u l a t i o n  t e c h n i q u e s  i n  p r o d u c in g  l a b y r i n t h  and neck 
r e f l e x e s .
4 . 1 . 0  Adequacy o f  s t i m u l a t i o n .
C a ts  w i th  i n t a c t  l a b y r i n t h s  f o l l o w i n g  d e c e r e b r a t i o n  
have  been d e m o n s t r a t e d  t o  e x h i b i t  r e f l e x  r e a c t i o n s  i n  t h e  
f o r e l i m b  m u s c u l a t u r e  t o  a l t e r a t i o n s  i n  t h e  p o s i t i o n  o f  t h e  
head  or t h e  a x i s  v e r t e b r a .  The r e a c t i o n s  t o  p o s i t i o n a l  
changes  of  t h e  head and neck a r e  te rm ed l a b y r i n t h  and neck 
r e f l e x e s ,  r e s p e c t i v e l y .  In  t h i s  s e c t i o n  o f  t h e  t h e s i s  t h e  
adequacy o f  head and neck t i l t s  i n  a c t u a t i n g  r e f l e x e s  from 
l a b y r i n t h  and neck p r o p r i o c e p t o r s  i s  a rg u e d .  The r e c e p t o r  
t y p e s  i n v o lv e d  i n  t h e s e  r e f l e x e s  w i l l  a l s o  be d i s c u s s e d .
In  t h e  m a j o r i t y  o f  e x p e r im e n t s  d e t a i l e d  i n  t h i s  
t h e s i s  movements of  t h e  head  a n d /o r  t h e  a x i s  v e r t e b r a  were
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u sed  t o  g e n e r a t e  l a b y r i n t h  and neck r e f l e x e s .  In o rd e r  to  
examine t h e s e  r e f l e x  systems in  i s o l a t i o n  from each o th e r  
t h e  t e c h n i q u e  in t r o d u c e d  by Rober ts  (1963) ,  i n  which th e  
c e r v i c a l  r e f l e x  a c t i o n s  a re  i s o l a t e d  by s e c t i o n i n g  th e  
f i r s t  two c e r v i c a l  p o s t e r i o r  r o o t s ,  was employed. I t  i s  
a rg u e d  t h a t  i n  t h i s  p r e p a r a t i o n  w i th  th e  head,  neck and 
t r u n k  i n d e p e n d e n t l y  su p po r ted  (as d e s c r i b e d  by Rober ts  
(1963) and l a t e r  by Lindsay e t  a l . ,  (1976)) and th e  axes of 
r o t a t i o n  o f  t h e  head and neck so a l i g n e d  as  to  i n t e r s e c t  a t  
t h e  o d o n t o i d  p r o c e s s  of  th e  a x i s  v e r t e b r a ,  t h a t  r o t a t i o n s  
o f  t h e  head  do no t  r e s u l t  in  g e n e r a t i n g  neck r e f l e x e s  as 
l o n g  a s  t h e  r o t a t i o n  i s  r e s t r i c t e d  to  neck r e g io n s  above 
C2. T h e r e f o r e ,  r o t a t i o n s  of  the  head about  a l o n g i t u d i n a l  
a x i s  ( f o l l o w i n g  neck d e n e rv a t io n )  w i l l  a c t  as a s t im u lu s  to  
t h e  l a b y r i n t h s  when th e  a x i s  v e r t e b r a  i s  r i g i d l y  c lamped, 
w h i l e  r o t a t i o n s  of the  a x i s  v e r t e b r a  should a c t i v a t e  
r e c e p t o r s  below C2.
I f  one assumes t h a t  head t i l t  f o l lo w in g  neck 
d e n e r v a t i o n ,  under the  c o n d i t i o n s  d e s c r ib e d  above,  does no t  
g e n e r a t e  neck r e f l e x e s ,  then  what e f f e c t  w i l l  head r o t a t i o n  
have  on t h e  l a b y r i n t h s .  Head t i l t s  about  th e  l o n g i t u d i n a l  
a x i s  s t i m u l a t e  the  l a b y r i n t h s  as a whole, and t h e r e f o r e  
b o th  s e m i c i r c u l a r  cana l  and o t o l i t h  organs w i l l  c o n t r i b u t e  
m o d i f i e d  a f f e r e n t  i n p u t s  to  th e  b r a i n  stem. However, as  we 
a r e  d e a l i n g  w i th  r o t a t i o n s  about th e  long a x i s ,  and g iven  
t h a t  t h e  c a t ' s  head i s  he ld  so t h a t  the  h o r i z o n t a l  
s e m i c i r c u l a r  c a n a l s  l i e  c lo s e  to  th e  h o r i z o n t a l  p l a n e ,  th en  
i t  i s  p o s s i b l e  to  exc lude  th e s e  c a n a l s  from c o n t r i b u t i n g  an 
a l t e r e d  a f f e r e n t  d i s c h a r g e  du r ing  head r o t a t i o n s .  D e sp i te
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t h i s ,  b o th  t h e  s u p e r i o r  and p o s t e r i o r  s e m i c i r c u l a r  c a n a l s  
can be c o n s i d e r e d  t o  p a r t i c i p a t e  i n  p r o v i d i n g  an a l t e r e d  
s i g n a l  t o  t h e  l a b y r i n t h  r e f l e x  c e n t r e s .  F u r th e r m o r e ,  a s  th e  
a d e q u a t e  s t i m u l u s  t o  t h e  s e m i c i r c u l a r  c a n a l s  i s  a n g u l a r  
a c c e l e r a t i o n  t h e y  can o n ly  be e n v i s a g e d  t o  show s i g n i f i c a n t  
c han g es  i n  sp o n ta n e o u s  a f f e r e n t  a c t i v i t y  a t  t h e  b e g in n in g  
and end of  changes  i n  head  p o s i t i o n .
By c o n s i d e r i n g  t h e  a c c e l e r a t i o n  changes  e x p e r i e n c e d  
by t h e  head  and t h e  dynamics of  t h e  cu p u la /e n d o ly m p h  
s y s te m s ,  i t  i s  p o s s i b l e  t o  g a in  an i m p r e s s io n  o f  how t h e  
a f f e r e n t  d i s c h a r g e  from t h e  s e m i c i r c u l a r  c a n a l s  w i l l  be 
a f f e c t e d .  The cu p u la /e n d o ly m p h  sys tem  i s  r e c o g n i s e d  t o  
behave  l i k e  a h i g h l y  damped t o r s i o n  pendulum ( S t e in h a u s e n  
1931, 1 9 3 3 ) ,  which i n  c a t s  has  a lon g  t im e  c o n s t a n t  o f  3 .8  
se co n d s  (B lan k s ,  E s t e s  & Markham, 1975) . T h e r e f o r e  i f  an 
a n g u l a r  a c c e l e r a t i o n  i s  q u i c k l y  f o l lo w e d  by a d e c e l e r a t i o n ,  
t h e  d e c e l e r a t i o n  w i l l  a c t  on t h e  a l r e a d y  d i s p l a c e d  c u p u la  
t e n d i n g  t o  r e s t o r e  i t  t o  i t s  r e s t i n g  p o s i t i o n .  A l though  t h e  
a d e q u a te  s t i m u l u s  i s  a n g u l a r  a c c e l e r a t i o n  t h e  c u p u la  
d i s p l a c e m e n t  and hence  a f f e r e n t  d i s c h a r g e ,  due to  t h e  t ime 
c o n s t a n t s  and p h y s i c a l  p r o p e r t i e s  o f  t h e  en d o ly m p h /cu p u la  
sys tem  w i l l  r e f l e c t  t h e  a n g u l a r  v e l o c i t y  e x p e r i e n c e d  by t h e  
h e ad .  T h e r e f o r e  i n  a t y p i c a l  head movement, say  f o r  example  
tow ard  t h e  r i g h t ,  t h e  s u p e r i o r  and p o s t e r i o r  c a n a l s  o f  t h e  
r i g h t  s i d e  w i l l  d i s p l a y  a s h o r t  l a s t i n g  e x c i t a t o r y  b u r s t  of  
a c t i v i t y  w h i l e  t h e  s y n e r g i s t  c a n a l s  o f  t h e  l e f t  s i d e  w i l l  
p r o v i d e  an e q u a l l y  s h o r t  l a s t i n g  i n h i b i t o r y  b u r s t  of  
a c t i v i t y ,  b o th  a c t i v i t y  chan g es  w i l l  c o r r e l a t e  w e l l  w i th  
t h e  a n g u l a r  v e l o c i t y  of  t h e  head .  With t h e  r e v e r s e
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d i r e c t i o n  o f  t i l t ,  t h e  responses  from the  c a n a l s  a r e  
o p p o s i t e  t o  t h a t  s t a t e d  above. [ I n h i b i t i o n ,  as  used above 
r e f e r s  t o  t h e  e f f e c t  of the  movement of th e  cupu la  on the  
r e s t i n g  d i s c h a r g e  of  the  pr imary v e s t i b u l a r  a f f e r e n t s  and 
n o t  t o  t h e i r  c e n t r a l  a c t i o n s  of cana l  a f f e r e n t s . ]  T h e re fo re  
t h e  o n ly  p e r i o d s  of  t ime du r ing  which s e m i c i r c u l a r  cana l  
a f f e r e n t s  can  c o n t r i b u t e  to  th e  development of l a b y r i n t h  
r e f l e x e s  t h r o u g h  a l t e r e d  a f f e r e n t  d r i v e  a re  l i m i t e d  to  th e  
p e r i o d s  a t  t h e  b e g in in g  of a p o s i t i o n a l  change, and a t  the  
end o f  a p o s i t i o n a l  change. F ig .  93 p ro v id e s  an i d e a l i s e d  
summary o f  t h e  expec ted  a f f e r e n t  d i sc h a rg e  p r o f i l e s  from 
s e m i c i r c u l a r  c a n a l  a f f e r e n t s  du r ing  a t y p i c a l  p o s i t i o n a l  
c han g e .  I t  i s  e v i d e n t  t h a t  t h i s  system i s  i n c a p a b le  of 
p r o v i d i n g  a s u s t a i n e d  a f f e r e n t  d r i v e  w ith  th e  type  of head 
movement employed i n  exper im en ts  d e s c r ib e d  i n  t h i s  t h e s i s .
J u s t  as  we have c o n s id e re d  th e  response  of  t h e  
s e m i c i r c u l a r  c a n a l s  we can a l s o  t r e a t  the  o t o l i t h  o rgans  to  
a s i m i l a r  e x e r c i s e .  These r e c e p t o r s  a re  p r i m a r i l y  s e n s o r s  
o f  l i n e a r  i n e r t i a l  f o r c e s  a c t i n g  on th e  head, and as  such 
can be e n v i s a g e d  to  p lay  an im por tan t  r o l e  i n  g e n e r a t i n g  
t h e  r e f l e x e s  s t u d i e d  in  t h i s  t h e s i s .  The o t o l i t h s  a r e  
composed o f  two senso ry  h a i r  c e l l  beds (1) t h e  u t r i c u l a r  
macula  and (2) t h e  s a c c u l a r  macula. The u t r i c u l a r  macula 
l i e s  i n  a p l a n e  app rox im ate ly  h o r i z o n t a l  to  th e  h o r i z o n t a l  
c a n a l  w h i l e  th e  sa c c u lu s  l i e s  c lo s e  to  a p a r a s a g g i t a l  p la n e
( i . e . ,  o r t h o g o n a l  to  the  u t r i c l e ) .
U n l ik e  th e  s e m ic i r c u l a r  c a n a l s  whose h a i r  c e l l s  a r e  
u n i f o r m ly  a l i g n e d  ( i . e . ,  have i d e n t i c a l l y  d i r e c t e d  
p o l a r i z a t i o n  v e c t o r s )  th e  o t o l i t h  o rgans  show p o l a r i z a t i o n
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maps t h a t  g i v e  a b road  d i r e c t i o n a l  d i s t r i b u t i o n  of  
p o l a r i z a t i o n  v e c t o r s .  Based on p re d o m in a n t  o r i e n t a t i o n  of  
t h e s e  p o l a r i z a t i o n  v e c t o r s  i t  can be seen  t h a t  u t r i c u l a r  
n e u ro n e s  sh o u ld  be most s e n s i t i v e  t o  t h e  l a t e r a l  t i l t s  
o r i g i n a t i n g  from an u p r i g h t  head  p o s i t i o n  ( see  Fe rnandez  & 
G o ld b e rg ,  1976a ,  b;  Goldberg  and F e rn a n d e z ,  1984; and 
F e rnandez  e t  a l . ,  1 9 7 2 ) .  F u r t h e r m o r e ,  a s  t h e s e  n e u ro n e s  a r e  
known t o  show m a i n t a i n e d  r e s p o n s e s  t o  s t a t i c  head  t i l t s  and 
show maximum s e n s i t i v i t y  t o  t i l t  c o r r e s p o n d i n g  w i t h  
i n d i v i d u a l  p o l a r i z a t i o n  v e c t o r s  (Fernandez  and G o ld b e rg ,  
1976a;  F e rn and ez  e t  a l . ,  1972;  Loe e t  a l . ,  1973; L o w en s te in  
and R o b e r t s ,  1950; V id a l  e t  a l . ,  1 9 7 1 ) ,  i t  would t h e r e f o r e  
seem r e a s o n a b l e  t o  s u g g e s t  t h a t  t h e  g r e a t e s t  a f f e r e n t  
r e s p o n s e  to  a l a t e r a l  head t i l t  w i l l  be seen  i n  u t r i c u l a r  
a f f e r e n t s .  In  a d d i t i o n ,  i t  h a s  been  d e m o n s t r a t e d  t h a t  t h e  
m a j o r i t y  o f  o t o l i t h  n e u ro n e s  show some dependence  on t i l t  
v e l o c i t y  i n  a d d i t i o n  to  i n s t a n t a n e o u s  head  p o s i t i o n  
(Fe rnandez  and G o ld b e rg ,  1 9 7 6 a , b ) . D ur ing  a head  t i l t ,  a 
t y p i c a l  u t r i c u l a r  a f f e r e n t  may show a p h a s i c / t o n i c  r e s p o n s e  
and so c o n t r i b u t e  to  t h e  i n i t i a l  v e l o c i t y  component o f  t h e  
movement a s  w e l l  as  t o  t h e  m a i n t a i n e d  s t a t i c  head  
d e v i a t i o n .  From a c o n s i d e r a t i o n  o f  t h e  s e m i c i r c u l a r  c a n a l  
and o t o l i t h  dynamics i t  can be seen  t h a t  t h e  u t r i c l e s  w i l l  
show t h e  g r e a t e s t  s e n s i t i v i t y  to  t h e  t y p e s  o f  head  t i l t  
employed i n  t h e  e x p e r im e n t s  d e s c r i b e d  i n  t h i s  t h e s i s ,  b u t  
i n  a d d i t i o n  an a f f e r e n t  c o n t r i b u t i o n  from t h e  v e r t i c a l  
c a n a l s  may a l s o  be a p p a r e n t  d u r i n g  p e r i o d s  of  p o s i t i o n a l  
chang e .
From th e  above c o n s i d e r a t i o n s  i t  i s  c l e a r  t h a t  t h e
Afferent response 
from l e f t  superior 



























F ig u r e  93 .  A r e p r e s e n t a t i o n  o f  t h e  a n g u l a r  v e l o c i t y  and 
a c c e l e r a t i o n s  e x p e r i e n c e d  by t h e  p o s t e r i o r  and s u p e r i o r  
v e r t i c a l  s e m i c i r c u l a r  c a n a l s  and t h e i r  su b s e q u e n t  a f f e r e n t  
d i s c h a r g e  d u r in g  a head t i l t .
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l a b y r i n t h s  can p r o v id e  th e  a f f e r e n t  s i g n a l s  r e q u i r e d  t o  
e l i c i t  t o n i c  r e f l e x e s .  However, d e s p i t e  the  knowledge t h a t  
a m a i n t a i n e d  a f f e r e n t  in p u t  to  th e  v e s t i b u l a r  n u c l e i  can be 
o b s e r v e d  i t  c an n o t  be concluded (on t h i s  b a s i s  only)  t h a t  
t h e  t o n i c  r e f l e x  r e s u l t s  from t h i s  m a in ta in ed  d i s c h a r g e .
During  a head t i l t ,  i n  a d d i t i o n  to  s t i m u l a t i n g  t h e  
l a b y r i n t h s ,  i t  i s  p o s s i b l e  t h a t  o th e r  r e c e p t o r  sys tems can 
be a c t i v a t e d  t h a t  a l s o  show a dépendance on th e  d u r a t i o n  of  
t h e  head  t i l t .  Such p o s s i b l i t i e s  may a r i s e  as a r e s u l t  of  
m e c h a n ic a l  d e fo r m a t io n  of  the  sk in  or as a r e s u l t  of 
c o n c o m i ta n t  m usc le  s t r e t c h .
R o t a t i o n s  of  th e  head a re  a s s o c i a t e d  to  some degree  
w i t h  s t r e t c h i n g  t h e  sk in  of  the  neck. Consequently  t h e r e  
may be some c o n t r i b u t i o n  from cutaneous r e c e p t o r s  to  th e  
r e c o r d e d  r e f l e x .  S i m i l a r l y ,  muscle r e c e p t o r s  may a l s o  be 
i n v o l v e d .  For example , i f  du r ing  a head movement the  
s c a p u l a  moves w i th  r e p e c t  to  th e  humerus (which i s  r i g i d l y  
f i x e d  t o  t h e  s u p p o r t i n g  f r a m e ) , t h i s  would then  r e s u l t  in  
s t r e t c h i n g  t h e  m usc les  t h a t  span th e  shou lde r  j o i n t ,  and 
may l e a d  t o  t h e  development of t o n i c  s t r e t c h  r e f l e x e s .
Thus,  t h e  p o s s i b i l i t y  e x i s t s  t h a t  s t r e t c h  r e f l e x e s  may 
r e s u l t  due to  t h e  r e l a t i v e  change in  p o s i t i o n  and f i x a t i o n  
o f  elbow and sh o u ld e r  j o i n t s  du r ing  a r o t a t i o n  of  th e  head.  
T h i s  s t r e t c h  would l a s t  u n t i l  th e  head was r e t u r n e d  to  th e  
normal  p o s i t i o n ,  t h u s  any r e s u l t i n g  r e f l e x  would appear  
w e l l  c o r r e l a t e d  w i th  th e  changes in  head p o s i t i o n .  This  i s  
a l s o  t r u e  f o r  any mechanical  de fo rm at ion  of th e  s k in .
That  t h e s e  p o s s i b i l i t i e s  do not  c o n t r i b u t e  to  t h e  
r e c o r d e d  r e f l e x e s  can be argued from th e  fo l lo w in g
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c o n s i d e r a t i o n s .  In  th e  m a jo r i t y  of exper im en ts  t h e  d o r s a l  
r o o t s  o f  Cl and C2 a re  s e c t i o n e d ,  thu s  r e n d e r in g  t h e  s k in  
f i e l d s  s u p p l i e d  by th e s e  ro o t s  p a r t i a l l y  a n a e s t h e t i c .  T h is  
by p r o d u c t '  o f  t h e  p r e p a r a t i o n  reduces  th e  p o s s i b l e  e f f e c t  
t h a t  s t r e t c h i n g  o f  th e  sk in  around th e  head and neck might  
h ave  on t h e  r e s u l t s .  This  on i t s  own, however, i s  no t  
s u f f i c i e n t  t o  exc lud e  r e f l e x  e f f e c t s  from cu taneous  
r e c e p t o r s ,  a s  t h e  sk in  f i e l d s  t h a t  may be a f f e c t e d  by th e  
head  r o t a t i o n  l i e  mainly a c ro s s  th e  back of th e  head and 
o v e r l a p  w i t h  C3 r e c e p t i v e  f i e l d s ,  and a r e  t h e r e f o r e  no t  
e n t i r e l y  f r e e  from i n n e r v a t i o n .  However, manual 
m a n i p u l a t i o n  of  th e  s k in  by p u l l i n g ,  t o  a much g r e a t e r  
d e g re e  t h a n  o c c u r s  du r ing  head t i l t s ,  was never  o b se rved  t o  
r e s u l t  i n  a l t e r a t i o n s  of EMG a c t i v i t y  when head t i l t s  cou ld  
e a s i l y  do so .
T ha t  s t r e t c h  r e f l e x e s  r e s u l t i n g  from r o t a t i o n s  of  
t h e  head  due to  movements of  th e  s c a p u la  may be d i s c o u n te d ,  
s i n c e  g r e a t  c a r e  was t ak e n  to  e n s u re ,  by a p p r o p r i a t e  
a l i g n m e n t  of t h e  head and neck, t h a t  th e  e f f e c t s  o f  head 
r o t a t i o n  were c o n f in e d  to  a re a s  above th e  C2 l e v e l .  In 
a d d i t i o n  c l o s e  o b s e r v a t i o n  both v i s u a l l y  and by t a c t i l e  
p r e s s u r e  showed t h a t  even du r ing  th e  most v ig o ro u s  head 
movements t h e r e  was no d e t e c t a b l e  movement of th e  s c a p u l a .  
A l though  no movement was observed  i t  can be a rgued  t h a t  
sm a l l  movements may have been ove r lo o ked .  D e sp i te  t h i s  th e  
i n v o lv e m e n t  of  s t r e t c h  r e f l e x e s  (and of cu taneous  r e c e p t o r  
evoked r e f l e x  a c t i o n )  can be ru l e d  out  i f  one c o n s i d e r s  th e  
r e s u l t s  o f  l a b y r i n t h e c t o m y . L abyr in th  r e f l e x e s  re c o rd e d  
from c a t s  w i th  i n t a c t  l a b y r i n t h s  d i s a p p e a r  co m p le te ly
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f o l l o w i n g  b i l a t e r a l  laby  r in th e c to m y . In bo th  i n s t a n c e s  t h e  
s t i m u l u s  ( i e  t h e  head r o t a t i o n )  i s  t h e  same, t h e r e f o r e  th e  
d e g r e e  of  s k i n  or muscle  s t r e t c h  i s  comparable  in  c a t s  w i th  
and w i t h o u t  l a b y r i n t h s .  I t  can t h e r e f o r e  be a rgued  t h a t  
in v o lv e m e n t  of r e c e p t o r  systems o u tw i th  th e  l a b y r i n t h  would 
n o t  a l t e r  t h e  r e f l e x e s  recorded  on head t i l t .  That  
b i l a t e r a l  l a b y r i n th e c to m y  a b o l i s h e s  them i s  s u f f i c i e n t  
p r o o f  to  d i s c o u n t  t h e s e  r e f l e x e s  as a r t e f a c t s  due to  
r e c e p t o r  sy s tem s  o t h e r  than  the  l a b y r i n t h s .
One may th en  s a f e l y  assume t h a t  r e f l e x e s  r e s u l t i n g  
from head r o t a t i o n  a r e  g e n e ra te d  from th e  l a b y r i n t h .  The 
n e x t  q u e s t i o n  co n ce rn s  th e  p o s s i b l e  r e c e p t o r  so u rce  f o r  th e  
g e n e r a t i o n  o f  neck r e f l e x e s .  These r e f l e x e s ,  a s  s t u d i e d  i n  
t h e  m a j o r i t y  o f  an im a ls  a re  g e n e ra te d  from i n n e r v a t i o n  
below C2. In  e a r l y  work on neck r e f l e x e s  i t  was 
i n d e p e n d e n t l y  r e p o r t e d  by S h e r r in g to n  (1910) and Magnus 
(1926) t h a t  t h e s e  r e f l e x e s  were l o s t  only  a f t e r  t h e  f i r s t  
t h r e e  c e r v i c a l  s e n so ry  n e rv e s  were c u t .  In an a t t e m p t  to  
c l a r i f y  what r e c e p t o r s  from th ese  r e g io n s  were in v o lv e d  
McCouch e t  a l .  (1951) c a r r i e d  out  e x p e r im en ts  d e s ig n e d  to  
t e s t  w h e th e r  th e  r e f l e x  was muscle r e c e p t o r  or j o i n t  
r e c e p t o r  m e d ia t e d .  By e x t e n s i v e l y  d e n e r v a t i n g  a n d /o r  
r e s e c t i n g  b o th  t h e  muscles  connec t in g  t h e  neck and t ru n k  
w i t h  t h e  o c c i p u t ,  and th e  i n t e r v e r t é b r a l  muscles  around th e  
a x i s  and a t l a s  v e r t e b r a e  neck r e f l e x e s  could  s t i l l  be seen 
u n m o d i f i e d  f o l l o w in g  head r o t a t i o n s  in  l a b y r i n t h e c t o m i z e d  
c a t s .  T h is  o b s e r v a t i o n  s t r o n g l y  s u g g e s t s  t h a t  muscle  
r e c e p t o r s  a r e  no t  in v o lv ed  in  th e  r e f l e x .  Fu r the rm ore  by 
l e a v i n g  t h e  muscle  i n n e r v a t i o n  i n t a c t  and s e l e c t i v e l y
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d e n e r v a t i n g  t h e  f i r s t  t h r e e  c e r v i c a l  j o i n t s  t h e  r e sp o nse  to  
head  r o t a t i o n  was a b o l i s h e d .  [ The d o r s a l  r o o t  g a n g l i a ,  i n  
t h e  upper  p a r t s  o f  th e  neck, l i e  prox imal  to  bo th  th e  dura  
and t h e  j o i n t  l i g a m e n t s .  C arefu l  c i r c u m c i s i o n  o f  th e  d o r s a l  
r o o t  was t h e r e f o r e  b e l i e v e d  to  d e n e r v a te  th e  j o i n t  w i th  
l i t t l e  damage to  muscular  or cu taneous  s e n so ry  n e r v e s . ]
With t h e  l o s s  of  neck r e f l e x e s  o c c u r r i n g  only  a f t e r  
e x t e n s i v e  d e n e r v a t i o n  of th e  neck j o i n t s ,  McCouch e t  a l .  
(1951) c o n c lu d e d  t h a t  th e s e  r e f l e x e s  r e s u l t e d  from th e  
a c t i v a t i o n  o f  r e c e p t o r s  in  and around th e  l ig a m e n t s  and 
c a p s u l e s  o f  t h e  f i r s t  t h r e e  c e r v i c a l  v e r t e b r a .  However, 
r e c e n t  a n a t o m i c a l  and h i s t o l o g i c a l  exam ina t ion  of  t h e  
r e c e p t o r  c o n t e n t  of th e  t i s s u e s  su r ro u n d in g  t h e  upper 
c e r v i c a l  v e r t e b r a  have q u e s t io n e d  th e  v a l i d i t y  of  t h e  above 
c o n c l u s i o n  (Richmond and Bakker,  1982; F e r r e l l ,  u n p u b l i s h e d  
o b s e r v a t i o n )  . These s t u d i e s  have c o n s i s t e n t l y  found t h a t  
r e c e p t o r s  o f  t h e  j o i n t  r e g io n s  could  n o t  be unambiguously 
i d e n t i f i e d  a s  R u f f i n i  end in g s .  The l a c k  of sp ra y  end ings  i n  
t h e s e  r e g i o n s  i s  c u r i o u s ,  s in c e  one might  e x p ec t  from 
McCouch e t  a l .  (1951) r e s u l t s ,  t h a t  neck r e f l e x e s  would 
o r i g i n a t e  from s low ly  a d a p t in g  a r t i c u l a r  m e c h an o re ce p to r s ,  
however ,  t h e  l a c k  of  such r e c e p t o r s  s u g g e s t s  o t h e r w i s e .  
Richmond and Bakker (1982) r e p o r t  t h a t  th e  only  
e n c a p s u l a t e d  r e c e p t o r s  they  cou ld  f i n d  were p a c in i f o r m
c o r p u s c l e s .  These a u th o r s  a l s o  r e p o r t e d  t h a t  t h e  small
/
complex m u sc le s  s u r ro u n d in g  th e  vertebra,/  c o n ta in  l a r g e  
numbers o f  musc le  s p i n d l e s  and g o lg i  tendon o rg a n s .  They 
s u g g e s t ,  i n  l i g h t  of  th e  abundance of t h e s e  r e c e p t o r s ,  and 
t h e  a p p a r e n t  p a u c i t y  of  s lowly a d a p t in g  j o i n t  r e c e p t o r s .
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t h a t  p r o p r i o c e p t i v e  in fo rm a t io n  from th e  t i s s u e s  around th e  
c e r v i c a l  v e r t e b r a  o r i g i n a t e  to  a l a r g e  e x t e n t  from muscle  
r e c e p t o r s .  T h is  d i s c r e p a n c y  between th e  c o n c l u s i o n s  of 
McCouch e t  a l .  (1951) may be e x p la in e d  by th e  sh e e r  
c o m p le x i ty  of  t h e  ana to m ica l  a r c h i t e c t u r e  of t h i s  r e g io n  of  
t h e  n e ck .  I t  i s  e n t i r e l y  p o s s i b l e  t h a t  some of t h e  very  
s m a l l  m u sc le s  and l ig a m e n t s  t h a t  span th e  c e r v i c a l  v e r t e b r a  
were  n o t  f u l l y  d e n e r v a t e d  in  th e  way d e s c r i b e d  by McCouch 
e t  a l .  ( 1 9 5 1 ) ,  and t h a t ,  l i k e  th e  c a p s u l a r  t i s s u e s ,  a r e  
i n n e r v a t e d  by a f f e r e n t s  which run back from th e  p ro x im a l ly  
l o c a t e d  d o r s a l  r o o t  g a n g l i a ,  and a re  only f u l l y  d e n e r v a t e d  
when t h e  d o r s a l  r o o t s  a r e  c i r c u m c ise d .  The p o s s i b i l i t y  
t h e r e f o r e  e x i s t s  t h a t  neck r e f l e x e s  can s u r v i v e  u n l e s s  
t h e s e  t i s s u e s  a r e  d e n e rv a te d .
In  t h e  s u r g i c a l  p r e p a r a t i o n  of th e  neck i n  th e  
e x p e r i m e n t s  r e p o r t e d  in  t h i s  t h e s i s  t h e  t i s s u e s  s u r ro u n d in g  
t h e  a t l a n t o - o c c i p i t a l  and a t l a n t o - a x i a l  j o i n t s  were 
c a r e f u l l y  c l e a r e d  and th e  d o r s a l  r o o t s  s e c t i o n e d  
i n t r a d u r a l l y . T h is  t h e r e f o r e  removes any p o s s i b i l i t y  t h a t  
e i t h e r  m usc le  or j o i n t  a f f e r e n t s  from th e s e  r e g io n s  remain 
i n  c o n t i n u i t y  w i th  th e  s p i n a l  c o rd ,  t h e r e f o r e  removing th e  
p o s s i b i l i t y  o f  neck r e f l e x e s  emanating from t h i s  r e g io n  on 
head  r o t a t i o n .  Although th e  a x i s  v e r t e b r a  i s  c l e a r e d  to  a 
l a r g e  e x t e n t ,  t o  f a c i l i t a t e  th e  f i x i n g  of  th e  neck clamp 
(see  2 . 1 . 3  & 2 . 2 . 2 ) ,  t h e  muscular  a t t a c h m e n ts  of th e  
i n t e r s p i n o u s  musc les  t h a t  span th e  C2-C3 j o i n t s  a r e  not  
c l e a r e d .  T h e r e f o r e  i t  i s  e n t i r e l y  p o s s i b l e  t h a t  th e  t o r s i o n  
a b o u t  t h i s  j o i n t  r e s u l t s  in  p r o p r i o c e p t o r s ,  l o c a t e d  w i t h i n  
m usc le  and j o i n t s ,  t o  be a c t i v a t e d  and g e n e r a t e  neck
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r e f l e x e s .  At p r e s e n t  i t  i s  im p o s s ib le  to  de te rm ine  what 
c l a s s  o f  r e c e p t o r  p a r t i c i p a t e s  in  t h i s  r e f l e x ,  bu t  i t  seems 
l i k e l y  t h a t  m usc le  r e c e p t o r s  p lay  some r o l e  in  t h e  neck 
r e f l e x .
The t e c h n iq u e s  o f  n a t u r a l  s t i m u l a t i o n  used i n  t h i s  
t h e s i s  can be c o n s i d e r e d  adequa te  fo r  th e  i s o l a t e d  
s t i m u l a t i o n  o f  t h e  l a b y r i n t h s  ( e s p e c i a l l y  the  u t r i c l e s )  and 
f o r  t h e  a c t i v a t i o n  of  neck r e f l e x e s  v i a  undetermined  
r e c e p t o r s  l o c a t e d  i n  t h e  c e r v i c a l  r e g io n .
A.t.2 t0  The normal  p a t t e r n  o f  l a b y r i n t h  and neck r e f l e x e s  
a e e n  i n  d e c e r e b r a t e  c a t s  w i th  i n t a c t  l a b y r i n t h s .
L in d say  e t  a l .  (1976) d em on s t ra te d  th e  e x i s t e n c e  of 
t o n i c  r e f l e x e s  i n  fo r e l im b  e x t e n s o r s  o r i g i n a t i n g  from th e  
l a b y r i n t h s  and neck .  T h is  scheme of r e f l e x e s  c h a l l e n g e d  
e x i s t i n g  v iew s  on l a b y r i n t h  and neck r e f l e x e s  ( Magnus,
1926) , and p r o v i d e d  e x p e r im e n ta l  su p p o r t  fo r  a l t e r n a t i v e  
t h e o r e t i c a l  models of  t h e s e  r e f l e x  sys tems (Lowenste in  and 
R o b e r t s ,  1950; von H o ls t  and M i t t l e s t a e d t ,  1950; and 
R o b e r t s ,  1967 ,1 9 7 3 ) .
In  t h i s  scheme of  r e f l e x e s  n a t u r a l  s t i m u l a t i o n  of  
t h e  l a b y r i n t h s ,  by r o t a t i o n  of th e  head about  a 
l o n g i t u d i n a l  a x i s ,  was shown to  evoke t o n i c  asymmetric  
r e f l e x e s  i n  o p p o s i t i o n  to  th o se  g e n e r a te d  by neck r e f l e x e s .  
On t h e  b a s i s  o f  th e  i n t e r a c t i o n  of th e s e  a n t a g o n i s t i c a l l y  
o r g a n i s e d  r e f l e x  sys tem s i t  was su g g e s te d ,  t h a t  i n  th e  
i n t a c t  a n im a l ,  t h e  head may be f r e e l y  moved w i th o u t  
a l t e r i n g  r e f l e x  induced  t r u n k  s t a b i l i t y .  In a d d i t i o n ,  t h e
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r e f l e x  a c t i o n  of  t h e  l a b y r i n t h  and neck on th e  l imbs was 
t h o u g h t  t o  compensa te  f o r  changing f o r c e s  a c t i n g  on th e  
t r u n k  d u r i n g  t i l t i n g  of  th e  su p p o r t  s u r f a c e .  The a c t i o n  on 
t h e  l im b s  co m pensa t ing  f o r  changes in  t h e  a n g le  of th e  
s u p p o r t i n g  s u r f a c e  and th e re b y  m in im is ing  t ru n k  d e v i a t i o n  
( R o b e r t s ,  197 8) . The scheme of l a b y r i n t h  and neck r e f l e x e s  
a c t i n g  on e x t e n s o r  musc les  as  d e s c r i b e d  by L indsay  e t  a l .  
(1976) a r e  con f i rm ed  i n  t h i s  s tudy (see  s e c t i o n  3 .1 .2  and 
3 . 1 . 6 )  and t h e  r e f l e x  o r g a n i s a t i o n  and th e  scheme of  r e f l e x  
i n t e r a c t i o n s  e x te n d ed  to  in c lu d e  th e  p a r t i c i p a t i o n  of  
f l e x o r  m u sc le s  (see  s e c t i o n s  3 .1 .3  and 3 . 1 . 7 ) .
.1 T on ic  r e f l e x e s  in  f a s t  m usc les .
The t o n i c  n a t u r e  of th e  l a b y r i n t h  and neck r e f l e x  
i n  t h e  m e d ia l  head of  t r i c e p s  i s  w e l l  documented (Lindsay 
e t  a l . ,  1 9 7 6 ) .  T h is  muscle  i s  a t y p i c a l  ' p o s t u r a l  m usc le '  
w i th  an a lm o s t  homogeneous p o p u la t i o n  of  slow type  I muscle  
f i b r e s  (s low o x i d a t i v e ) , and i s  t h e r e f o r e  i d e a l l y  s u i t e d  
f o r  g e n e r a t i n g  s u s t a i n e d  f a t i g u e  r e s i s t a n t  c o n t r a c t i o n s .
For a r e f l e x  t o  be d e s c r i b e d  as  t o n i c  i t  ha s ,  by 
d e f i n i t i o n ,  t o  be m a in ta in e d  u n t i l  th e  source  g e n e r a t i n g  i t  
i s  removed. T h e r e f o r e  l a b y r i n t h  and neck r e f l e x e s  as 
s t u d i e d  i n  t h i s  t h e s i s  can be termed t o n i c  only  i f  they  
p e r s i s t ,  w i t h o u t  f a t i g u e ,  u n t i l  th e  p o s i t i o n  of th e  head or 
neck i s  changed .  The d e f i n i t i o n  of  a t o n i c  r e f l e x  t h e r e f o r e  
imposes  c e r t a i n  r e q u i r e m e n ts  on th e  p h y s i o l o g ic a l  
p r o p e r t i e s  of  a p a r t i c u l a r  muscle  under s tu dy .  In view of 
t h i s ,  i t  i s  n o t  s u r p r i s i n g  t h a t  s t u d i e s  on p o s t u r a l
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r e f l e x e s  h ave  c o n c e n t r a t e d  on th e  behav iour  of the  slow red 
a n t i g r a v i t y  m u sc le s ,  which are  r ec o g n ise d  to  be s p e c i a l l y  
a d a p t e d  f o r  lo n g  l a s t i n g  c o n t r a c t i o n s ,  much to the  n e g le c t  
o f  t h e  f l e x o r  m usc le  g ro up s .  A s i t u a t i o n  f u r t h e r  
i e x a s p e r a t e d  by th e  t o n i c  s t a t e  of e x c i t a t i o n  of t h e s e  
h i g h l y  o x i d a t i v e  m usc les  in  d e c e r e b r a t e  p r e p a r a t i o n s  
{though se e  below) . Unlike  th e  medial  head of t r i c e p s ,  t h e  
o t h e r  heads  ( t h e  l a t e r a l  and long  heads)  a re  p a le  muscles 
w i th  a  h ig h  p r o p o r t i o n  of f a s t  f i b r e s .  N e v e r th e le s s  they  
c o n t a i n  s i g n i f i c a n t  numbers of f a t i g u e  r e s i s t a n t  f i b r e s  
( ty p e  I  and ty p e  I l a )  , a pp ro x im a te ly  43% in  both the  
l a t e r a l  and l o n g  h e a d s .  S i m i l a r l y ,  t h e  f l e x o r s  b ic e p s  and 
b r a c h i a l i s ,  d e s p i t e  b e in g  c l a s s i f i e d  as f a s t  muscles  
c o n t a i n  a  l a r g e  number of f a t i g u e  r e s i s t a n t  muscle f i b r e s -  
49% i n  b r a c h i a l i s  and 41% in  b ice p s  ( C o l l a t e s ,  Edger ton ,  
Smith & B o t te rm a n ,  1977) . An idea  of th e  r e l a t i v e  
p r o p o r t i o n s  o f  t h e  d i f f e r e n t  muscle  f i b r e  types  in  t h e  
t r i c e p s  g roup  and i n  t h e  f l e x o r s  b ic e p s  and b r a c h i a l i s  can 
be s e e n  from t h e  h i s t o c h e m i c a l l y  s t a i n e d  s e c t i o n s  o b t a in e d  
from one c a t  im m edia te ly  a f t e r  dea th  and i l l u s t r a t e d  i n  
P l a t e s  4 ( e x t e n s o r s )  and 5 ( f l e x o r s ) .  Here the  s i g n i f i c a n t  
p o p u l a t i o n s  o f  o x i d a t i v e  (type I) and o x i d a t i v e / g l y c o l y t i c  
( ty p e  I l a )  f i b r e s  can be seen in  th e  d i f f e r e n t  m usc les  and 
from t h i s  i t  i s  e v id e n t  t h a t  th ese  muscles have,  though t o  
d i f f e r e n t  e x t e n t s ,  t h e  b a s i c  machinery n e ce ssa ry  fo r  th e  
m a in t e n a n c e  of  s u s t a i n e d  c o n t r a c t i o n s .
I n d e e d ,  Denny-Brown (1929) in  h i s  e x t e n s i v e  
i n v e s t i g a t i o n  of  postural reflexes showed t h a t  th e  t o n i c  
s tre tc h  re flex es  occurred in pale as well as red muscles.
MUS CL E F I B R E  T Y P E  C O M P O S I T I O N  D E M O N S T R A T E D  BY M Y O S I N - A T P a s e
A C T I V I T Y  A F T E R  P R E - I N C U B A T I O N  AT PH 4 . 7  E X T E N S O R S
TRICEPS m e :
TRICEPS LONG.








X % . I k  ' _ .
" W
_  4
P l a t e  4 .  H i s to c h e m ic a l  p r o f i l e  of f o r e l i m b  e x t e n s o r s
MUS CL E F I B R E  T Y P E  C O M P O S I T I O N  D E M O N S T R A T E D  BY M Y O S I N - A T P A S E
A C T I V I T Y  A F T E R  P R E - I N C U B A T I O N  AT PH 4 . 7  - F L E X O R S
BICEPS.
U  . / -
I ^
f  f ^4L ' »















t. ^ i . ' v  ••
# •
P l a t e  5 .  H i s to c h e m ic a l  p r o f i l e  o f  f o r e l i m b  f l e x o r s
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a l t h o u g h  r e f l e x  t h r e s h o l d  was seen to  be lower in  t h e  red  
m u sc le s  t h a n  i n  t h e  p a l e r  ones. Denny-Brown (1929) 
s u g g e s t e d  t h a t  t h i s  r e f l e c t e d  th e  t h r e s h o l d  o f  th e
d i f f e r e n t  t y p e s  o f  motor u n i t s  d i s t r i b u t e d  i n  d i f f e r e n t  
m u s c l e s .
I n  view of the above considerations of 
h i s t o c h e m i c a l  p r o f i l e  and p re v io u s  d e s c r i p t i o n s  of  t o n i c  
r e f l e x  a c t i v i t y  in  f a s t  muscles i t  i s  r e a s o n a b le  to  s u g g e s t  
t h a t  t h e s e  m usc le s  do have th e  b a s i c  machinery  n e c e s s a r y  
f o r  s u s t a i n i n g  c o n t r a c t i o n s ,  and can a c t  a lo ng  w i th  t h e  
c l a s s i c a l  p o s t u r a l / a n t i g r a v i t y  muscles  in  m a i n t a i n in g  a 
p a r t i c u l a r  p o s t u r e .
From t h e  r e s u l t s  p r e s e n t e d  i n  t h i s  t h e s i s  i t  has  
been shown t h a t  musc les  o th e r  than  th e  m edia l  head of  
t r i c e p s  p a r t i c i p a t e  in  l a b y r i n t h  and neck r e f l e x e s .  
F u r th e r m o r e  b o th  th e  p a l e r  heads of  t r i c e p s  and th e  two
flexors studied have been demonstrated to respond to head 
or neck rotations with responses that can be described as 
t o n i c .  Such s u s t a i n e d  re s p o n s e s ,  i n  view of t h e  above 
h i s t o c h e m i c a l  p r o f i l e  of t h e s e  m usc les ,  a lm ost  c e r t a i n l y  
r e f l e c t  a l t e r a t i o n s  in  th e  d i s c h a r g e  of f a t i g u e  r e s i s t a n t  
m usc le  f i b r e s .  I n t e r e s t i n g l y ,  g iven  th e  mixed c o m p o s i t io n  
of these muscles it is possible to speculate not only on 
which type of muscle fibre is utilized in the tonic 
component of these reflexes, but also on the genesis of the 
distinct phasic responses that are also observed.
J u s t  as  a l l  t h r e e  heads of t r i c e p s ,  as  w e l l  as  t h e  
f1exors biceps and brachialis, commonly exhibited tonic 
responses, phasic bursts in EMG activity were also
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a s s o c i a t e d  w i th  p o s i t i o n a l  changes of  t h e  head or  neck 
( e . g .  see  F ig s  7 , 9 , 1 1 - 1 4 , 2 0 , 2 1 ) .  The appea rance  of  a p h a s i c  
component i n  t h e  EMG can be due to  a v a r i e t y  of 
c i r c u m s t a n c e s .  F i r s t l y  th e  p o s i t i o n a l  change i t s e l f  may 
p rov o ke  an a f f e r e n t  d i s c h a r g e  which has a h ig h e r  dynamic 
t h a n  s t a t i c  s e n s i t i v i t y .  A s i t u a t i o n  which could  be 
e x p e c t e d  from th e  b ehav iou r  of  s e m i c i r c u l a r  c a n a l  and 
v e l o c i t y  s e n s i t i v e  o t o l i t h  a f f e r e n t s  (see  s e c t i o n  4 . 1 . 0 ) .  
Thus t h e  a f f e r e n t  r e s p o n s e ,  d u r in g  a head t i l t  would be 
g r e a t e s t  d u r i n g  t h e  dynamic p e r i o d s  of a p o s i t i o n a l  change 
when c a n a l  and o t o l i t h  a f f e r e n t s  a r e  a c t i v e  s i m u l t a n e o u s ly .  
T h i s  s i t u a t i o n  cou ld  t h e r e f o r e  r e s u l t  in  g r e a t e r  
f a c i l i t a t i o n  o f  motoneurone p o o ls  d u r in g  such p e r i o d s  and 
h ence  p r o v i d e  th e  s y n a p t i c  d r i v e  r e s p o n s i b l e  f o r  th e  
o b s e r v a b l e  p h a s i c  b u r s t  of EMG a c t i v i t y .  On r e a c h in g  a 
s t a t i c  p o s i t i o n  th e  c o n t r i b u t i o n  from th e  c a n a l s  w i l l  be 
l o s t ,  and o n ly  th e  t o n i c  response  of  t h e  o t o l i t h s  rem ain .
In  a muscle  showing a good t o n i c  respo n se  to  a 
s t a t i c  head  p o s i t i o n  i t  may be assumed t h a t  t h e  muscle  
f i b r e s  p a r t i c i p a t i n g  a r e  p redo m ina te ly  f a t i g u e  r e s i s t a n t  
and a r e  t h e r e f o r e  se rv e d  by sm al l  motor n e u ro n e s .  
C o n s e q u e n t ly ,  in  acco rdance  w i th  th e  s i z e  p r i n c i p l e  (see  
Burke ,  1980; Burke and Rudomin, 1977; Henneman, 1980;
S t u a r t  and Enoka, 19 8 3 ) ,  t h e s e  u n i t s  w i l l  have a low 
t h r e s h o l d  t o  a f f e r e n t  in p u t  (as f i r s t  proposed  by 
Denny—Brown (1 9 2 9 ) ) ,  and t h e r e f o r e  can be c o n s i d e r e d  t o  
have  been t h e  e a r l i e s t  u n i t s  r e c r u i t e d  by th e  r e f l e x .  
However, a s  d e s c r i b e d  above, t h e  a f f e r e n t  d r i v e  r e s p o n s i b l e  
f o r  t h e  development  of th e  r e f l e x  w i l l  be g r e a t e s t  d u r in g
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t h e  dynamic p o r t i o n  of  a head t i l t .  Thus t h e  s y n a p t i c  d r i v e  
d u r i n g  t h i s  p e r i o d  may r e s u l t  in  t h e s e  u n i t s  d i s c h a r g i n g  a t  
a h i g h e r  r a t e  th a n  t h a t  seen du r ing  t h e  s t a t i c  phase  of th e  
r e f l e x .  S i m i l a r l y  th e  enhanced s y n a p t i c  d r i v e  can be 
e n v i s a g e d  t o  r e c r u i t  no t  only th e s e  small  motor neurones  
b u t  a l s o  b r i n g  l a r g e r  motor neurones to  t h r e s h o l d .  T h is  
w i l l  t h e n  i n v o l v e  th e  more f a t i g u a b l e  motor u n i t s  i n  th e  
r e f l e x ,  b u t  due to  th e  a f f e r e n t  d r i v e  d ropp ing  o f f  as th e  
s t a t i c  p o s i t i o n  i s  reached  th e  c o n t r i b u t i o n  of  t h e s e  u n i t s  
t o  t h e  r e f l e x  w i l l  d im in i s h ,  no t  only  because  of  l a c k  of  a 
s u f f i c i e n t  a f f e r e n t  d r i v e ,  bu t  a l s o  due to  t h e i r  i n h e r e n t  
f a t i g u a b i l i t y . The p h a s i c  component of t h e s e  r e f l e x e s  may 
t h e r e f o r e  r e s u l t  from th e  involvement  of h ig h e r  t h r e s h o l d  
motor  u n i t s  a s  w e l l  as an enhanced r a t e  of  low t h r e s h o l d  
motor  u n i t s .  A s i m i l a r  t r e a tm e n t  of neck r e f l e x e s  can be 
t h o u g h t  o f  as  i n v o lv in g  th e  u t i l i z a t i o n  of  r e c e p t o r s  
showing dynamic s e n s i t i v i t y  as w e l l  as th o se  showing 
p o s i t i o n  s e n s i t i v i t y .
A l though  t h i s  e x p la n a t io n  i s  t h e o r e t i c a l l y  
p l a u s i b l e  t h e  a v a i l a b l e  ev idence  s u p p o r t i n g  t h i s  view must 
be d i s c u s s e d .  In  th e  m a jo r i t y  of r e f l e x e s  e x h i b i t i n g  p h a s i c  
r e s p o n s e s ,  t h e  l a t t e r  were always a s s o c i a t e d  w i th  th e  
dynamic p o r t i o n  of  th e  s t im u lu s ,  t h e r e b y  c o r r e l a t i n g  w e l l  
w i th  t h e  t im e  t h a t  both  cana l  and o t o l i t h  a f f e r e n t s  can be 
c o n s i d e r e d  a s  c o n t r i b u t i n g  to  th e  r e f l e x .  That  d i f f e r e n t  
motor  u n i t  t y p e s  a re  r e c r u i t e d  d u r in g  t h i s  p e r i o d  i s  
d i f f i c u l t  to  p rove  by s im ple  EMG r e c o r d i n g .  However, 
s t u d y i n g  t h e  n a t u r e  of  t y p i c a l  r e f l e x  re s p o n se s  i t  a p p e a r s  
t h a t  from m u l t i - u n i t  r e c o r d in g s  t h e  p h a s i c  b u r s t s  a r e
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excomposed of  l a r g e  am p l i tu d e  sp ik e s  and the  t o n i c  r e f l .  
component  g e n e r a l l y  of sm a l le r  am pl i tude  s p i k e s .  I f  sp ik e  
s i z e  i s  p r i m a r i l y  dependant  on th e  type  of motor u n i t  
showing a c t i v i t y  and no t  only due to  p rox im i ty  of  r e c o r d i n g  
s i t e ,  t h e n  t h e  above c o n s i d e r a t i o n s  can be s t r e n g t h e n e d  i n  
view o f  t h e  u n i f o r m i t y  of th e  d i s t r i b u t i o n  o f  f i b r e  ty p e s  
w i t h i n  t h e  m usc les  s t u d i e d .
However, one must a l s o  bear  in  mind t h a t  th e  t o n i c  
component of  a r e f l e x  may only deve lop  a f t e r  a c o n s i d e r a b l e  
l a t e n c y .  Here i t  would appear t h a t  d u r ing  th e  t ime when 
a f f e r e n t  d r i v e  i s  presumably a t  i s  g r e a t e s t ,  f a c i l i t a t i o n  
i s  i n s u f f i c i e n t  to  b r in g  motor u n i t s  to  t h r e s h o l d ,  b u t  
d u r i n g  t h e  s t a t i c  p e r i o d ,  where a d im in ished  a f f e r e n t  d r i v e  
e x i s t s  ( a r i s i n g  s o l e l y  from the  o t o l i t h s ) , t h e  musc le  
d e v e l o p s  a t o n i c  respo n se  ( e .g .  F ig .  6 ,26 ,36 )  S i m i l a r l y  i t  
was o b s e r v e d  t h a t  on c e r t a i n  o c c a s io n s  only p h a s i c  r e f l e x  
r e s p o n s e s  c o u ld  be re c o rd e d .  That th e  p h as ic  component can 
be o b s e r v e d  i n  i s o l a t i o n  in  c e r t a i n  s i t u a t i o n s  can be 
c o n s i d e r e d  c o m p a t ib le  w i th  the  above view on th e  so u rc e  of 
t h e s e  r e f l e x e s ,  o n ly  i f  in  t h e s e  i n s t a n c e s  th e  u n i t s  
p a r t i c i p a t i n g  a r e  of low t h r e s h o l d ,  and t h a t  d u r in g  t h e  
s t a t i c  component of th e  t e s t  the  s y n a p t i c  d r iv e  i s  
i n c a p a b l e  of m a i n t a i n in g  th e  f i r i n g  of  these  u n i t s .  In such 
i n s t a n c e s  t h e  p e r i o d  of  enhanced a f f e r e n t  inpu t  d u r in g  th e  
p o s i t i o n a l  change i s  s u f f i c i e n t  to  e x c i t e  some motor u n i t s ,  
b u t  t h e  r ed u ced  d r i v e  d u r in g  th e  s t a t i c  p o r t io n  i s  now not  
c a p a b l e  o f  m a i n t a i n in g  any u n i t s  above th r e s h o ld .  However, 
i n  o r d e r  to  e x p l a i n  why, a t o n i c  component may deve lop  only  
a f t e r  a c o n s i d e r a b l e  l a t e n c y  (when th e  presumed s y n a p t i c
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d r i v e  from a p o s i t i o n a l  change has d im in ish e d )  i t  i s  
n e c e s s a r y  t o  c o n s i d e r  why presumed low t h r e s h o l d  u n i t s  (non 
f a t i g u i n g )  may n o t  reach  t h r e s h o ld  d u r in g  th e  dynamic 
p o r t i o n  of  t h e  t i l t .  One p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  i s  
t h a t  i n  a s p e c i f i c  t e s t  th e  v e l o c i t y  component i s  sm al l  and 
t h e r e f o r e  a l a r g e  a f f e r e n t  c o n t r i b u t i o n  from dynamic 
r e c e p t o r s  can be d i s c o u n te d .  T h e r e fo r e  th e  u n i t s  r e c o rd ed  
may r e p r e s e n t  t h e  e a r l i e s t  r e f l e x  r e s p o n se  or may a l s o  
r e p r e s e n t  t h e  r e c r u i t m e n t  of a d d i t i o n a l  motor u n i t s  d u r in g  
t h e  deve lopm ent  of  th e  t o n i c  r e f l e x .  I f ,  however,  a l a r g e  
v e l o c i t y  a f f e r e n t  s i g n a l  cou ld  be e x p e c te d ,  t h e  l a t e  r e f l e x  
may o c cu r  beca u se  t h i s  s i g n a l  does n o t  i n t e r a c t  w i th  th e  
p o s i t i o n  m odula ted  a f f e r e n t  d r i v e  in  t h e  e x p e c te d  manner.
In  t e rm s  of  t h e  l a b y r i n t h  r e f l e x  t h i s  may occur  as a 
co nseq u en ce  of t h e  s e m i c i r c u l a r  c a n a l  s i g n a l  no t  o c c u r r i n g  
i n  synchrony  w i th  t h a t  from th e  o t o l i t h s .  T h is  p o s s i b i l i t y  
may r e s u l t  from e i t h e r  d i f f e r e n t  r e f l e x  pathways b e ing  
u t i l i s e d  or  from th e  behav io u r  of t h e  r e c e p t o r s  th e m s e lv e s .
I f  a f f e r e n t  s i g n a l s  from th e  s e m i c i r c u l a r  c a n a l s  
r e a c h  th e  l imb m otoneurones  v i a  a d i f f e r e n t  pathway th a n  
t h e  o t o l i t h  s i g n a l s ,  t h e n  depending  on t h e  c e n t r a l  s t a t e  o f  
f a c i l i t a t i o n  i n  t h e s e  pathways a s i t u a t i o n  can be e n v is a g e d  
when t r a n s m i s s i o n  v i a  one of  t h e s e  pathways i s  r edu ced .  
T h e r e f o r e ,  i f  t r a n s m i s s i o n  v i a  the  c a n a l -m o to r  neurone 
pathway i s  d e p re s s e d  then  th e  v e l o c i t y  s i g n a l  may no lo n g e r  
be e f f e c t i v e ,  and t h r e s h o l d  w i l l  on ly  be reach ed  a f t e r  th e  
s t a t i c  p o s i t i o n  has been a c h ie v e d .  A second p o s s i b i l i t y  i s  
t h a t  d u r in g  t h e  t i l t ,  f r i c t i o n a l  f o r c e s  i n  t h e  o t o l i t h s
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r e s u l t  i n  t h e  a f f e r e n t  d i s c h a r g e  l a g g in g  a l i t t l e  beh in d  
t h e  movement ( i . e . ,  t h e  o t o l i t h ,  d e s p i t e  t h e  change in  
p o s i t i o n ,  i s  no t  d i s p l a c e d  im m edia te ly  - s t i c t i o n )  and so 
t h e  a f f e r e n t  c o n t r i b u t i o n s  from th e  c a n a l s  and o t o l i t h  
a g a i n  may be s e p a r a t e d ,  and only  th e  t o n i c  r e f l e x  w i l l  
d e v e lo p  a t  t h e  lo n g e r  l a t e n c y .
In  t h e  above t r e a t m e n t  of th e  r e s u l t s  o b t a i n e d  from 
t h e  d i f f e r e n t  f o r e l i m b  m usc les  d u r in g  l a b y r i n t h  and neck 
r e f l e x e s  an a t t e m p t  has  been made to  show how v a r i o u s  forms 
o f  t h e s e  r e f l e x e s  can be c o n s id e r e d  c o m p a t ib le  w i th  th e  
p h y s i o l o g i c a l  p r o p e r t i e s  of  th e  m usc les  and of t h e  
r e c e p t o r s  b e l i e v e d  t o  g e n e r a t e  t h e s e  r e f l e x e s .  In  t h e  
s e c t i o n  t o  f o l lo w  t h e  f u n c t i o n a l  r e l a t i o n s h i p s  between th e  
l a b y r i n t h  and neck r e f l e x  i n  t h e  d i f f e r e n t  m usc les  w i l l  be 
d i s c u s s e d .
4 . 2 . 2  R e c i p r o c a l  r e l a t i o n s h i p s .
The b e h av io u r  of f o r e l im b  f l e x o r s  (b ice p s  and 
b r a c h i a l i s )  d u r i n g  n a t u r a l  s t i m u l a t i o n  of  th e  l a b y r i n t h  
r e v e a l s  a s t r i c t  r e c i p r o c a l  r e f l e x  o r g a n i s a t i o n  between 
a n t a g o n i s t  m usc les  in  each f o r e l i m b .  The e x i s t e n c e  of  a 
r e c i p r o c a t i n g  r e f l e x  p a t t e r n  of  l a b y r i n t h  r e f l e x e s  i s  in  
c o n f l i c t  w i th  p r e v i o u s  d e s c r i p t i o n s  of  a c t i v i t y  changes  in  
a n t a g o n i s t  m usc les  d u r in g  l a b y r i n t h i n e  s t i m u l a t i o n  
(Rademaker, 1 9 3 5 ) .  Rademaker r e p o r t e d  t h a t  whole body 
r o t a t i o n s  of  sm all  am p l i tu d e  about  a f r o n t o - o c c i p i t a l  a x i s  
were i n e f f e c t i v e  in  augmenting m uscu la r  a c t i v i t y ,  b u t  t h a t  
d i s p l a c e m e n t s  g r e a t e r  than  80 d e g re e s  from normal induced
page 204
marked f a c i l i t a t i o n  in  th e  EMG from b o th  b i c e p s  and 
t r i c e p s .  T h is  r e s u l t  su g g e s t s  t h a t  c o a c t i v a t i o n  o f  f l e x o r  
and e x t e n s o r  o c c u r r e d  on l a b y r i n t h i n e  s t i m u l a t i o n .  From 
Rademaker ' s a cco u n t  of t h e s e  r e f l e x e s  i t  i s  no t  c l e a r  why 
no s i g n  o f  a l t e r e d  EMG cou ld  be o b se rv ed  u n t i l  t i l t s  in  
e x c e s s  o f  80 d e g re e s  were e n c o u n te r e d ,  w h i l e  o t h e r  s t u d i e s  
on l a b y r i n t h  r e f l e x e s  (Lindsay e t  a l . ,  1976; Schor and 
M i l l e r ,  1982; M i l l e r  e t  a l . ,  1 982) ,  i n c l u d i n g  t h e  p r e s e n t  
s t u d y ,  have  r e p o r t e d  a c t i v i t y  changes  in  f o r e l im b  e x t e n s o r s  
w i t h  much s m a l l e r  t i l t s .  One p o s s i b l e  e x p l a n a t i o n  f o r  th e  
d i f f e r e n c e s  in  r e s u l t s  o b t a in e d  by Rademaker was t h a t  in  
h i s  e x p e r im e n t s  t h e  c a t  ( d e c e r e b r a t e )  was f i x e d  t o  t h e  t i l t  
t a b l e  i n  t h e  l a t e r a l  p o s i t i o n .  Although such a s e t  up can 
a l l o w  r o t a t i o n s  t o  be made th ro u g h o u t  a complete  r e v o l u t i o n  
( so m e th in g  o u tw i th  t h e  scope of t h e  p r e s e n t  s t u d y ) , any 
l a b y r i n t h i n e  e f f e c t s  could  be c o m p l ic a te d  by r e f l e x  a c t i o n s  
a r i s i n g  from s k i n  r e c e p t o r s  l o c a t e d  on th e  l a t e r a l  s u r f a c e  
o f  t h e  c a t .  P o s s i b l e  c o n ta m in a t io n  w i th  a f f e r e n t  i n p u t  from 
t h e  s k i n  may occur  as a consequence of  a w e igh t  
r e d i s t r i b u t i o n  over t h e  a r e a s  of s k i n  i n  c o n t a c t  w i th  th e  
^ ^ ^ i t  t a b l e  d u r in g  t h e  e x c e c u t io n  of a r o t a t i o n .
N a t u r a l  s t i m u l a t i o n  of th e  l a b y r i n t h  has r e v e a l e d  a 
scheme of  f o r e l i m b  r e f l e x e s  a c t i n g  r e c i p r o c a l l y  between 
f l e x o r  and e x te n s o r  m u sc le s .  A s i m i l a r  resp on se  p a t t e r n  i s  
t r u e  f o l l o w i n g  n a t u r a l  s t i m u l a t i o n  of  neck p r o p r i o c e p t o r s  
( see  T a b le  I I ) .  Neck r e f l e x e s  in  t h i s  s tudy  were ob se rved  
f o l l o w i n g  r o t a t i o n  of  th e  a x i s  v e r t e b r a  in  c a t s  w i th  
p a r t i a l  neck d e n e r v a t i o n ,  and by head r o t a t i o n  in  a 
b i l a t e r a l l y  l a b y r i n th e c to m i z e d  an im a l .  D e s p i t e  d i f f e r e n c e s
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i n  t h e  method o f  in d u c in g  th e  neck r e f l e x e s  i n  t h e s e  
p r e p a r a t i o n s  no q u a l i t a t i v e  d i f f e r e n c e s  in  t h e  form of  t h e  
r e f l e x  c o u ld  be r e c o g n i s e d  (see  F ig .  24 compared t o  F ig .  17 
& 2 1 ) .  I t  i s  im p o r t a n t  in  t h i s  r e s p e c t  to  n o te  t h a t  two 
d i f f e r e n t  p o p u l a t i o n s  of  neck p r o p r i o c e p t o r  g iv e  r i s e  to  
t h e  same r e f l e x  p a t t e r n .  I t  can t h e r e f o r e  be conc lud ed  t h a t  
d e s p i t e  a p a r t i a l  d e n e r v a t i o n  of  t h e  neck th e  i n n e r v a t i o n  
r e m a in in g  from C3 i s  s u f f i c i e n t  to  g e n e r a t e  neck r e f l e x e s  
t h a t  a r e  i n d i s t i n g u i s h a b l e  from th o se  obse rved  in  i n t a c t  
neck p r e p a r a t i o n s .
Neck r e f l e x e s  a c t i n g  on f o r e l im b  e x t e n s o r s  show EMG 
a l t e r a t i o n s  t h a t  a r e  c o n s i s t e n t  w i th  p r e v io u s  d e s c r i p t i o n s  
o f  t h i s  r e f l e x  ( Ezure and W ilson ,  1983; L indsay  e t  a l . ,  
1976; Magnus & de K l e i j n ,  1912; McCouch e t  a l . ,  1 9 5 1 ) .  The 
e x t e n s o r  on t h e  s i d e  to  which th e  neck i s  r o t a t e d  r e l a x e s ,  
w h i l e  t h e  e x t e n s o r  of th e  o p p o s i t e  l imb a c t i v e l y  c o n t r a c t s .  
B e r i t o f f  (1914, 1915) examined th e  r e l a t i o n s h i p  between 
a c t i v i t y  i n  f l e x o r  and e x te n s o r  m usc les  in  d e c e r e b r a t e  c a t s  
d u r i n g  v a r i o u s  m a n ip u la t io n s  of th e  head .  U n f o r t u n a t e l y ,  i n  
t h e  m a j o r i t y  o f  h i s  exp e r im e n ts  no a t t e m p t  was made to  
i s o l a t e  l a b y r i n t h  from neck r e f l e x e s ,  and c o n s e q u e n t ly  h i s  
r e s u l t s  a r e  o f t e n  d i f f i c u l t  to  i n t e r p r e t .  D e sp i t e  t h i s  t h e  
e x p e r i m e n t a l  p r o t o c o l  adop ted  by B e r i t o f f  s u g g e s t s  on th e  
b a s i s  o f  t o d a y ' s  knowledge of l a b y r i n t h  and neck r e f l e x  
sy s te m s  a p redom inan t  neck r e f l e x  a c t i v a t i o n ,  and t h e r e f o r e  
t h e  e x i s t e n c e  of  r e c i p r o c a l  f l e x o r / e x t e n s o r  neck r e f l e x e s .
In  f a c t ,  i n  one f i g u r e  from B e r i t o f f ' s  paper  ( f i g u r e  3,
1915) head  r o t a t i o n  i n  a l a b y r i n t h l e s s  c a t  i s  shown to  
a f f e c t  a c t i v i t y  in  t h e  r i g h t  b ic e p s  and t r i c e p s  b r a c h i i  in
page 206
a r e c i p r o c a l  manner.  Thus, i n  t h i s  one example, B e r i t o f f  
unam biguous ly  d e m o n s t r a te d  t h a t  t h e  neck r e f l e x  i n f l u e n c e s  
on f l e x o r  m usc le s  a r e  r e c i p r o c a l  to  t h e  e x te n s o r  p a t t e r n .  
Such r e c i p r o c a l  b e h a v io u r  i s  conf i rm ed  by th e  p r e s e n t  s tudy  
( s e e  F i g ,  2 4 ) ,  and, i n  a d d i t i o n ,  i s  r e c o g n i s e d  as  a c t i n g  
a n t a g o n i s t i c a l l y  to  l a b y r i n t h  r e f l e x e s  r e s u l t i n g  from 
l a t e r a l  head t i l t s  (compare F ig .  24 t o  F ig .  1 5 b ) .
The neck r e f l e x  system i s  o r g a n i s e d  such t h a t  i f  we
c o n s i d e r  a quadruped  s u b j e c t e d  to  r o t a t i o n s  of  t h e  t ru n k
a b o u t  a l o n g i t u d i n a l  a x i s ,  w i th  th e  head h e ld  s t a t i o n a r y  in  
s p a c e ,  t h e n  t h e  l imb toward which t h e  c h in  p o i n t s  w i l l  
e x te n d  w h i l e  t h e  l imb towards which th e  v e r t e x  i s  
o r i e n t a t e d  w i l l  a c t i v e l y  f l e x .  S i m i l a r l y ,  i f  th e  whole 
a n im a l ,  i s  t i l t e d  about  th e  same a x i s  ( th e  o r i e n t a t i o n  of 
t h e  head  w i t h  r e s p e c t  to  th e  neck rem ain ing  f i x e d ) , t h e n
t h e  l im b  o r i e n t a t i o n ,  as  governed by th e  l a b y r i n t h  r e f l e x ,
w i l l  be asym m etr ic  bu t  o p p o s i t e  to  t h a t  r e l e a s e d  by th e  
neck r e f l e x e s  as  d e s c r i b e d  above.  T h is  s i t u a t i o n  i s  
i l l u s t r a t e d  i n  F ig .  94 which s c h e m a t i c a l l y  r e p r e s e n t s  t h e  
asymmetry o f  t h e  l a b y r i n t h  and neck r e f l e x e s ,  t h e  
r e c i p r o c a l  n a t u r e  of t h e i r  o r g a n i s a t i o n ,  and t h e i r  
d i r e c t i o n a l  dépendance .
F i g .  94, which summarizes t h e  form of t h e  two 
r e f l e x e s  i n  c a t s  w i th  i n t a c t  l a b y r i n t h s ,  a l s o  p r o v i d e s  a 
r e p r e s e n t a t i o n  of  th e  consequence of t h e  i n t e r a c t i o n  of 
l a b y r i n t h  and neck r e f l e x e s .  As a consequence of t h e  
o p p o s in g  a c t i o n s  of th e  l a b y r i n t h  and neck r e f l e x e s  on an 
i n d i v i d u a l  m usc le ,  any change in  th e  o r i e n t a t i o n  of  th e  
head  w i th  r e s p e c t  to  t h e  t r u n k ,  which a l s o  changes t h e
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a t t i t u d e  o f  t h e  neck can r e s u l t  in  no a p p a r e n t  change in  
l im b  o r i e n t a t i o n .  The form of r e f l e x  i n t e r a c t i o n  l e a v e s  
l im b  to n e  u n a l t e r e d  in  s p i t e  of changes i n  head and neck 
p o s i t i o n .  T h is  scheme was f i r s t  d e m o n s t ra te d  e x p e r i m e n t a l l y
by L in d say  e t  a l ,  (1976) and i s  conf i rm ed  in  t h e  p r e s e n t  
s t u d y .
4 ^ 2 , 3  Ref l e x  e x p r e s s i o n  i s  dependent  on th e  l e v e l  o f  
d e c e r e b r a t e  r i g i d i t y .
In  t h e  d e c e r e b r a t e  p r e p a r a t i o n  r i g i d i t y  i s  
g e n e r a l l y  c o n s i d e r e d  as  an e x te n s o r  phenomena, a l t h o u g h  i n  
p r a c t i c e  t h i s  i s  n o t  always t r u e  (Bazet  and P e n f i e l d ,  1922; 
Denny-Brown, 1929; R o b e r t s ,  1978) .  The a n t i - g r a v i t y  m uscles  
o f  t h e  l im bs  show an abnorm ally  h igh  d eg ree  of  r e s t i n g  to n e  
w h i l e  t h e  f l e x o r s  a r e  g e n e r a l l y  in  a more r e l a x e d  s t a t e .  
C ro s s e d  e x t e n s o r  r e f l e x e s  a r e  enhanced w i th  r e g a r d  to  
e x c i t a b i l i t y  w h i l e  f l e x o r  r e f l e x e s  have a h i g h e r  t h r e s h o l d  
t h a n  found i n  t h e  s p i n a l  s t a t e .  T h e r e f o r e  one might  e x p e c t  
t h a t  r e f l e x  sys tem s  o p e r a t i n g  on to  f l e x o r s  as  w e l l  as 
e x t e n s o r s  would show dependence on t h e  f a c i l i t a t o r y  and 
i n h i b i t o r y  mechanisms o p e r a t i n g  i n  g e n e r a t i n g  d e c e r e b r a t e  
r i g i d i t y .  In d ee d ,  a s  o u t l i n e d  i n  t h e  r e s u l t s ,  v a r i a t i o n s  in  
t h e  l e v e l s  of  r i g i d i t y  a l t e r  th e  ease  a t  which 
m a n i f e s t a t i o n s  of  l a b y r i n t h  and neck r e f l e x e s  a p p e a r .  
L a b y r i n th  and neck r e f l e x e s  onto  e i t h e r  e x t e n s o r s  or 
f l e x o r s  a r e  more r e a d i l y  evoked d u r in g  p e r i o d s  of  modera te  
r i g i d i t y ,  t h a n  i n  t h e  case  of extreme or even absence  of 
r i g i d i t y .
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The assumed consequence  of f l u c t u a t i n g  l e v e l s  o f  
r i g i d i t y  i s  i l l u s t r a t e d  in  F ig .  95. In  t h i s  f i g u r e  th e  
p r o b a b i l i t y  o f  o b s e r v in g  l a b y r i n t h  or neck r e f l e x e s  in  
f l e x o r s  and e x t e n s o r s  i s  shown to  change w i th  a l t e r i n g  
l e v e l s  o f  r i g i d i t y .  As an animal  d e v e lo p s  ex treme r i g i d i t y  
( e i t h e r  e x t e n s o r  or f l e x o r )  i t  becomes i n c r e a s i n g l y  
d i f f i c u l t  t o  o b se rv e  any l a b y r i n t h  or neck r e f l e x e s .  I f  one 
m usc le  g roup  i s  g r e a t l y  f a c i l i t a t e d  t h e  a n t a g o n i s t  w i l l  be 
under  s t r o n g  i n h i b i t i o n .  T h e re fo re  l a b y r i n t h  and neck 
r e f l e x e s  w i l l  be i n e f f e c t i v e  due to  s a t u r a t e d  a c t i v i t y  in  
one m u sc le  g roup ,  w h i l e  i n  t h e  a n t a g o n i s t s  t h e  f a c i l i t a t i o n  
from l a b y r i n t h  or neck r e f l e x e s  i s  i n a d e q u a te  in  overcoming 
t h e  i n h i b i t i o n .  In  a s i m i l a r  way, as  t h e  l e v e l  of  r i g i d i t y  
d i m i n i s h e s  t h e  musc le  group showing g r e a t e s t  a c t i v i t y  w i l l  
show t h e  development  of  r e f l e x e s  more e a s i l y  th an  th e  o t h e r  
due to  t h e  rem ain ing  imbalance  in  f a c i l i t a t o r y  and 
i n h i b i t o r y  i n f l u e n c e s  a c t i n g  on each musc le  g roup .  T h is  
s u g g e s t e d  e x p l a n a t i o n  fo r  t h e  r e l a t i o n  between th e  
f l u c t u a t i o n s  in  r i g i d i t y  and th e  ap p ea ra n c e  of r e f l e x e s ,  
can a c c o u n t  f o r  th e  o b s e r v a t i o n  t h a t  l a b y r i n t h  r e f l e x e s ,  i n  
t h e  m a j o r i t y  of  e x p e r im e n ts ,  a r e  most obvious  in  e x t e n s o r  
m u s c l e s ,  s i n c e  i t  i s  t h e s e  muscles  t h a t  show g r e a t e s t  
background  a c t i v i t y .  However, on o c c a s io n s  where f l e x o r  
t o n e  p re d o m in a te s  i t  was seen  t h a t  no t  only  were th e  
r e f l e x e s  e a s i e r  to  evoke in  t h e  f l e x o r s ,  b u t  in  some c a s e s  
t h e  f l e x o r  r e sp on se  was th e  only  e v en t  r ec o rd e d  d u r in g  head
o r  neck t i l t .
D e s p i t e  t h e  i n f l u e n c e  of f l u c t u a t i n g  l e v e l s  of 
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F ig u re  9 5 .  A g r a p h i c a l  r e p r e s e n t a t i o n  o f  how changing  
d e g re e s  o f  r i g i d i t y  in  ex te n so r  and f l e x o r  musc les  a l t e r s ,  
t h e  e a se  a t  which l a b y r i n t h  and neck r e f l e x e s  can be 
o bse rv ed  i n  t h e s e  m usc les .  See t e x t  f o r  f u r t h e r  
i n f o r m a t i o n .
page 209
l a b y r i n t h  and neck r e f l e x e s ,  th e  d i r e c t i o n  of  t h e s e  
r e f l e x e s  was a lways c o n s t a n t ,  w i th  th e  r e f l e x e s  b e in g  
su p e r im p o sed  upon p r e - e x i s t i n g  l e v e l s  of  background 
a c t i v i t y .  Each head p o s i t i o n  or neck o r i e n t a t i o n  
e f f e c t i v e l y  s h i f t s  t h e  b i a s  between e x t e n s i o n  and f l e x i o n  
i n  o p p o s i t e  l im b s ,  and th e re b y  a l t e r i n g  t h e  r i g i d i t y  
p r e s e n t  a t  any one t ime in  an asymmetr ic  and t o n i c  f a s h i o n .
That  changes  in  th e  symmetry of  r i g i d i t y  o ccu r  w i th  
a l t e r a t i o n s  i n  head or neck p o s i t i o n  s u g g e s t  t h e  q u e s t i o n  
o f  w h e th e r  t h e s e  r e f l e x e s  a c t  v i a  pathways common to  t h e  
g e n e r a t i o n  of  e x i s t i n g  r i g i d i t y  or a c t  a d d i t i v e l y  v i a  
i n d e p e n d e n t  mechanisms.  S h e r r in g to n  (1898) in  d e s c r i b i n g  
t h e  phenomena of  d e c e r e b r a t e  r i g i d i t y  obse rved  t h a t  
s e c t i o n i n g  t h e  a p p r o p r i a t e  d o r s a l  s p i n a l  r o o t s  c a u se s  a 
r e d u c t i o n  i n  r i g i d i t y ,  t h e re b y  d e m o n s t r a t i n g  th e  im po r tan ce  
o f  l a  a c t i o n s  on to  motoneurones i n  t h e  m ain tenance  of  
d e c e r e b r a t e  r i g i d i t y .  However, d e c e r e b r a t e  r i g i d i t y  i s  n o t  
e n t i r e l y  t h e  r e s u l t  of in c r e a s e d  a c t i v i t y  in  t h e  " f u s im o to r  
t o  l a  l o o p " ,  b u t  i s  due in  p a r t  to  i n c r e a s e d  t o n i c  
f a c i l i t a t o r y  d r i v e  of s u p r a s p i n a l  o r i g i n ,  and i n  p a r t i c u l a r  
t o  t h e  i n t e g r i t y  of  th e  v e s t i b u l a r  n u c l e i .  Magnus (1914) 
r e p o r t e d  t h a t  an animal  was r en d e red  s p i n a l  i f  a s e c t i o n  i s  
made c a u d a l  t o  th e  v e s t i b u l a r  n u c l e i ,  w h i l e  T h i e l e  (1905) 
n o t i c e d  t h a t  d i v i s i o n  of th e  v e s t i b u l o s p i n a l  t r a c t  in  a 
d e c e r e b r a t e  an imal  r e s u l t e d  in  a r e l a x a t i o n  of  t h e  r i g i d i t y  
on t h e  h o m o la t e r a l  s i d e .  S i m i l a r l y  F u l t o n ,  L i d d e l l  and 
Rioch (1930) and l a t e r  Bach and Magoun (1947) co n f i rm ed  
t h a t  u n i l a t e r a l  d e s t r u c t i o n  of th e  l a t e r a l  v e s t i b u l a r  
n u c l e i  ( D e i t e r s ’ n u c leu s )  g iv e s  r i s e  to  a l o s s  o f  r i g i d i t y
page 210
i p s i l a t e r a l  t o  t h e  l e s i o n ,  w i th  th e  r i g i d i t y  of  th e  
c o n t r a l a t e r a l  s i d e  rem aining  unchanged or i n c r e a s e d .
P o l lo c k  and D av is  (1930b) no ted  t h a t  in  anaemic d e c e r e b r a t e  
p r e p a r a t i o n s  d e p r iv e d  of  both  l a b y r i n t h s ,  and w i th  th e  
f i r s t  f o u r  c e r v i c a l  r o o t s  cu t  t h a t  r i g i d i t y  in  a l l  l imbs 
was d i m i n i s h e d  (not  a b o l i s h e d )  w i th  more or l e s s  equa l  
d i s t r i b u t i o n  o f  tone  between f l e x o r s  and e x t e n s o r s .  From 
t h e s e  o b s e r v a t i o n s  i t  has  been concluded  t h a t  th e  
v e s t i b u l o s p i n a l  system p r o v id e s  an im p o r ta n t  f a c i l i t a t o r y  
i n f l u e n c e  on to  t h e  e x te n s o r  motoneurones in  t h e  development 
o f  d e c e r e b r a t e  r i g i d i t y .  I t  would t h e n  seem r e a s o n a b l e  to  
s u g g e s t  t h a t  t h e  l a b y r i n t h s  a c t  v i a  c e n t r e s  p a r t i a l l y  
r e s p o n s i b l e  f o r  d e c e r e b r a t e  r i g i d i t y ,  s i n c e  th e  v e s t i b u l a r  
n u c l e i  r e p r e s e n t  th e  s i t e  of t e r m i n a t i o n  of  t h e  m a j o r i t y  of  
p r im a r y  v e s t i b u l a r  a f f e r e n t s ,  and a r e  known t o  i n f l u e n c e  
t h e  b e h a v io u r  o f  neurones  i n  t h e s e  n u c l e i .  A lso ,  i t  i s  
known t h a t  t h e  l a t e r a l  v e s t i b u l o s p i n a l  t r a c t  t a k e s  i t s  
o r i g i n  i n  t h e  l a t e r a l  v e s t i b u l a r  n u c le u s ,  which i s  t h e  main 
s i t e  f o r  th e  p r o j e c t i o n  of  o t o l i t h  a f f e r e n t s  b e l i e v e d  t o  be 
r e s p o n s i b l e  f o r  t o n i c  r e f l e x e s  (Brodai e t  a l . ,  19 6 2 ) ,  and 
i s  a l s o  a s i t e  f o r  convergence  of neck and l a b y r i n t h i n e  
s i g n a l s  (Boyle and Pompeiano, 1981) .  T h e r e fo re ,  s i n c e  
d e c e r e b r a t e  r i g i d i t y  i s  p a r t i a l l y  dependan t  on th e  a c t i v i t y  
o f  c e l l s  t h a t  p r o j e c t  to  th e  cord  from th e  l a t e r a l  n u c le u s ,  
any sys tem  which a l t e r s  th e  a c t i v i t y  of t h e s e  c e l l s  can 
a l s o  i n f l u e n c e  th e  amount of r i g i d i t y  p r e s e n t  a t  any one 
t im e .  An obv ious  example of t h i s  i s  e v id e n t  f o l lo w in g  
h e m i l a b y r i n th e c t o m y . Ths l o s s  of one l a b y r i n t h  r e s u l t s  in  a 
r e d u c t i o n  in  t h e  t o n i c  a c t i v i t y  of v e s t i b u l a r  n u c le a r  c e l l s
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i p s i l a t e r a l  to  t h e  l e s i o n  and an i n c r e a s e  in  th e  a c t i v i t y  
o f  c e l l s  from th e  i n t a c t  s id e  ( P r e c h t ,  1974; X e r r i ,  G ia n n i ,  
Manzoni and Pompeiano, 1983) .  T h is  asymmetry in  r e s t i n g  
a c t i v i t y  in  t h e  v e s t i b u l a r  n u c l e i  s u g g e s t s  a mechanism fo r  
t h e  a sym m etr ic  d e c e r e b r a t e  r i g i d i t y  which d e v e lo p s  
f o l l o w i n g  u n i l a t e r a l  1ab y r in th ec to m y .  S i m i l a r l y ,  i n  c h ro n ic  
h e m i l a b y r i n t h e c t o m i z e d  an im als  f o l l o w in g  t h e  
r e - e s t a b l i s h m e n t  of a c t i v i t y  in  th e  v e s t i b u l a r  n u c l e i  
i p s i l a t e r a l  t o  th e  l e s i o n  no h y p o to n ia  i s  e v id e n t  f o l l o w in g  
d e c e r e b r a t i o n .  I t  would t h e r e f o r e  appea r  t h a t  th e  
l a b y r i n t h s ,  and t o  some e x t e n t  t h e  neck p r o p r i o c e p t i v e  
a f f e r e n t s ,  by b e in g  a b l e  to  i n f l u e n c e  th e  b e h av io u r  of  
v e s t i b u l a r  n u c l e a r  c e l l s  can i n f l u e n c e  c e n t r e s  i n v o lv e d  in  
g e n e r a t i n g  i p s i l a t e r a l  r i g i d i t y .  T h is ,  however, does no t  
n e c e s s a r i l y  mean t h a t  th e  l a b y r i n t h  r e f l e x e s  a r e  e x p r e s s e d  
th r o u g h  t h i s  mechanism, as  w i l l  be made c l e a r  when t h e  
r e s u l t s  from a c u te  h e m i la b y r in th e c to m iz e d  a n im a ls  a r e  
d i s c u s s e d .
4 . 3 . 0  The p a t t e r n  o f  l a b y r i n t h  and neck r e f l e x e s  seen  
im m e d ia te ly  fo l lo w in g  u n i l a t e r a l  l a b v r i n t h e c t o m y ..
The above s e c t i o n s  have d i s c u s s e d  t h e  normal 
p a t t e r n  o f  l a b y r i n t h  and neck r e f l e x e s  obse rv ed  i n  f o r e l i m b  
e x t e n s o r s  and f l e x o r s .  In t h i s  s e c t i o n  th e  a l t e r a t i o n  to  
t h i s  p a t t e r n  fo l lo w in g  l e f t  h e m i lab y r in th e c to m y  w i l l  be 
d i s c u s s e d .
In  an im a ls  w i th  i n t a c t  l a b y r i n t h s  r e f l e x e s  a r i s i n g  
from l a t e r a l  head t i l t s  a r e  a s y m m e tr i c a l ly  o r g a n i s e d .
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F o l lo w in g  h e m i la b y r in th e c to m y  t h i s  asymmetry i s  l o s t  and 
t h e  t o n i c  l a b y r i n t h  r e f l e x  becomes sym m etr ica l  ( see  F i g s ,
26 ,  28 & 3 6 ) .  The t o n i c  r e f l e x  a c t i n g  on f o r e l i m b  e x t e n s o r s  
i s  r e v e r s e d  i n  t h e  l imb c o n t r a l a t e r a l  to  th e  l e s i o n ,  
w h e rea s  t h e  r e f l e x  i p s i l a t e r a l  to  th e  l e s i o n  remains 
n o rm a l .  T h is  r e s u l t  was f i r s t  shown by Nagaki (1967) and 
l a t e r  by L indsay  and Rosenberg (1978) .  This  f i n d i n g  i s  
c o n f i rm e d  i n  t h i s  s t u d y ,  where fo l lo w in g  d e s t r u c t i o n  of  t h e  
l e f t  l a b y r i n t h  th e  l e f t  t r i c e p s  i s  seen  to  behave in  a 
normal  manner f o l lo w in g  head t i l t ,  w h i l e  th e  r i g h t  t r i c e p s  
shows a r e v e r s a l  in  b e h a v io u r .  In a d d i t i o n  to  th e  
a l t e r a t i o n  i n  t h e  e x te n s o r  p a t t e r n  of  l a b y r i n t h  r e f l e x e s  
t h e  a c t i v i t y  o f  t h e  f l e x o r  m u sc u la tu re  i s  a l s o  a l t e r e d  
f o l l o w i n g  h e m i la b y r in th e c to m y .  The a l t e r a t i o n  i n  t h e  
b e h a v i o u r  of t h e  f l e x o r  muscles  i n  t h e  m a j o r i t y  of  a n im a ls  
s t u d i e d  p a r a l l e l s  t h e  changed e x t e n s o r  r e f l e x  such t h a t  a 
r e c i p r o c a l  o r g a n i s a t i o n  between a n t a g o n i s t  m usc les  i n  one 
l im b  rem ains  d e s p i t e  th e  l o s s  of th e  l e f t  l a b y r i n t h  (see  
F i g s .  31 ,  32,  & 3 3 ) .  Thus head t i l t s  r e v e a l  a r e v e r s a l  of 
b o th  t h e  e x t e n s o r  and f l e x o r  l a b y r i n t h  r e f l e x  i n  t h e  r i g h t  
f o r e l i m b .  In  consequence  head r o t a t i o n  toward th e  l e s i o n  
( l e f t  s i d e )  r e s u l t s  i n  augmented e x te n s o r  a c t i v i t y  i n  th e  
l e f t  and r i g h t  f o r e l i m b s  w i th  s im u l ta n eo u s  f l e x o r  
r e l a x a t i o n ,  w h i l e  t i l t s  toward th e  s i d e  of t h e  i n t a c t  
l a b y r i n t h  r e s u l t  i n  l e f t  and r i g h t  f l e x o r  c o a c t i v a t i o n  w i th  
a synchronous  d e p r e s s io n  of e x te n s o r  a c t i v i t y  ( see  T ab le  
I I I )  .
The neck r e f l e x ,  as  r e v e a l e d  i n  a c u te  
h e m i l a b y r i n th e c t o m iz e d  a n im a ls  by r o t a t i o n  of  th e  a x i s
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v e r t e b r a ,  shows no a p p a r e n t  d i f f e r e n c e s  to  th o se  obse rv ed  
t o  o ccu r  i n  t h e  normal group of  a n im a l s .  These r e f l e x e s  
r e t a i n  t h e i r  asym m etr ic  o r g a n i s a t i o n .  C onsequ en t ly ,  t h e  
l a b y r i n t h  and neck r e f l e x  i n  t h e  a c u t e  animal  no lo n g e r  a c t  
i n  d i r e c t  o p p o s i t i o n  to  each o th e r  as in  normal a n im a l s .
The s i t u a t i o n  i s  summarised i n  F ig .  96 which s c h e m a t i c a l l y  
s e t s  o u t  t h e  l a b y r i n t h  and neck r e f l e x  i n  th e  a c u te  
h e m i l a b y r i n t h e c t o m i z e d  p r e p a r a t i o n .  The f i g u r e s  which 
d e p i c t  t h e s e  r e f l e x e s  t r y  to  i l l u s t r a t e  th e  d i r e c t i o n  of  
a c t i v i t y  change  a s s o c i a t e d  w i th  l a b y r i n t h  or neck 
s t i m u l a t i o n ,  b u t  do no t  t a k e  i n t o  acco u n t  p r e - e x i s t i n g  to n e  
w i t h i n  t h e  l im b s .  F ig .  96 compared w i th  F ig .  94 i l l u s t r a t e s  
t h e  l a b y r i n t h  and neck r e f l e x  i n  t h e  normal c a t  and th e  
c o n seq u e n ce s  of  t h e  d i s r u p t i o n  to  t h e  r e f l e x  o r g a n i s a t i o n  
f o l l o w i n g  u n i l a t e r a l  l a b y r i n t h e c t o m y . In  t h e  i n t a c t  an im al  
head movements a c t u a t i n g  bo th  l a b y r i n t h  and neck r e f l e x e s  
r e s u l t  i n  t h e  m u tu a l ly  a n t a g o n i s t i c  r e f l e x e s  summing to  
z e r o ,  w h i l e  i n  t h e  a c u t e  animal  such a head movement due to  
t h e  abnormal l a b y r i n t h  r e f l e x  i n  t h e  r i g h t  l imb no lo n g e r  
r e s u l t s  i n  o p pos ing  r e f l e x e s  (F ig s .  48 & 4 9 ) .  The r e v e r s e d  
l a b y r i n t h  r e f l e x  i n  t h e  r i g h t  l imb now a c t s  in  t h e  same 
d i r e c t i o n  as  neck r e f l e x e s  to  produce  e x te n s o r  f a c i l i t a t i o n  
w i th  head t i l t s  t o  t h e  l e f t  and i n c r e a s e d  f l e x o r  a c t i v i t y  
w i th  t i l t s  t o  t h e  r i g h t  in  t h i s  l im b .  In th e  normal animal  
t h e  i n t e r a c t i o n  o f  l a b y r i n t h  and neck r e f l e x e s  can p ro v id e  
a r e f l e x  system s u i t a b l e  fo r  th e  m ain tenance  of p o s t u r a l  
s t a b i l i t y  d u r in g  head movements, whereas  th e  r e f l e x  
o r g a n i s a t i o n  in  t h e  a c u t e  h e m i la b y r in th e c to m iz e d  
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i n t e r a c t i o n  o f  t h e  l a b y r i n t h  and neck r e f l e x  l e a d s  t o  th e  
d eve lopm en t  of  an u n s t a b l e  p o s t u r e .
U n i l a t e r a l  l a b y r i n t h  d e s t r u c t i o n  r e s u l t s  i n  a 
r o t a t i o n  of  t h e  head toward  t h e  l e s i o n ,  e x a g g e ra t e d  
e x t e n s o r  to n u s  on t h e  i n t a c t  s i d e  and hypotonus on th e  s i d e  
o f  t h e  l e s i o n .  These p o s t u r a l  d i s t u r b a n c e s  seen  i n  a c u t e  
a n im a l s  were  s t a t e d  by Magnus (1926, see  a l s o  Camis, 1930) 
t o  r e s u l t  from l a b y r i n t h  r e f l e x e s  a c t i n g  on th e  head 
( l e a d i n g  t o  head  r o t a t i o n ) , which i n  t u r n  g e n e r a t e s  neck 
r e f l e x e s  which a c t  to  produce th e  aysmmetric  l imb 
a t t i t u d e s .  The l im b toward  which th e  c h in  p o i n t s  
( c o n t r a l a t e r a l  to  th e  l e s i o n )  e x h i b i t s  an i n c r e a s e d  
e x t e n s o r  a c t i v i t y  w h i l e  th e  o p p o s i t e  l imb ( i p s i l a t e r a l  to  
l e s i o n )  shows d im in i s h e d  e x te n s o r  t o n e .  The p o s t u r a l  
d e f i c i t s  o f  t h e  an im al  were t h e r e f o r e  b e l i e v e d  to  r e s u l t  as  
a s e c o n d a ry  consequence  of th e  l a b y r i n th e c to m y , namely , t h e  
e x p r e s s i o n  o f  neck r e f l e x e s  r e s u l t i n g  from th e  head 
r o t a t i o n .  T ha t  such a scheme cannot  accoun t  f u l l y  f o r  the  
o b s e r v e d  p o s t u r a l  d e f i c t s  can be judged  by th e  m ain tenance  
o f  t h e  asymmetry in  l imb a t t i t u d e  when, i n  th e  d e c e r e b r a t e  
a n im a l ,  b o th  th e  head and neck a re  h e ld  i n  th e  normal 
p o s i t i o n .  The l o s s  of  tone  i p s i l a t e r a l  to  t h e  l e s i o n  i s  a 
d e f i c i e n c y  symptom r e s u l t i n g  from th e  l a b y r in th e c to m y  to  
which th e  p o s t u r a l  consequences  of head a t t i t u d e  w i th  
r e s p e c t  to  body p o s i t i o n ,  and th e  abnormal form of 
l a b y r i n t h  r e f l e x e s  must be added.
On t h e  b a s i s  of  th e  r e s u l t s  from e x p er im en ts  
d e s c r i b i n g  t h e  p a t t e r n  of l a b y r i n t h  and neck r e f l e x e s  in  
a c u t e  h e m i l a b y r in th e c to m iz e d  an im a ls  a mechanism a c c o u n t in g
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f o r  t h e  o b s e r v e d  p o s t u r a l  a b n o r m a l i t i e s  can be p r o p o s e d .
The a sy m m etr ic  d i s t r i b u t i o n  o f  to n e  be tween l e f t  
and r i g h t  l im b s  i s  a r e s u l t  o f  a d e f i c i e n c y  in  i p s i l a t e r a l  
e x t e n s o r  f a c i l i t a t i o n  f o l l o w i n g  t h e  l o s s  o f  one l a b y r i n t h .  
The h e m i l a b y r i n th e c t o m y  c a u s e s  a r e d u c t i o n  i n  t h e  a c t i v i t y  
o f  v e s t i b u l o - s p i n a l  t r a c t  n e u ro n e s  (X e r r i  e t  a l . , 1 9 8 3 ) .  In  
a d d i t i o n ,  t h e r e  i s  a d i s r u p t i o n  o f  t h e  v e s t i b u l a r  c o n t r o l  
o v e r  t h e  neck m u sc le s  such t h a t  t h e  head becomes r o t a t e d  
to w a rd  t h e  l e s i o n .  As a co nsequence  b o th  l a b y r i n t h  and neck 
r e f l e x e s  w i l l  be g e n e r a t e d .  C o n s id e r  t h e  c o n seq u e n ce s  of  a 
l e f t  l a b y r i n t h e c t o m y .  The l im b i p s i l a t e r a l  t o  t h e  l e s i o n  
shows normal  i n t e r a c t i o n s  between l a b y r i n t h  and neck 
r e f l e x e s .  The e x i s t i n g  d i s t r i b u t i o n  o f  to n e  i n  t h a t  l imb 
w i l l  t h e r e f o r e  n o t  change d u r in g  movements o f  t h e  head  upon 
t h e  n e ck .  However, i n  t h e  l im b c o n t r a l a t e r a l  t o  t h e  l e s i o n  
t h e  l a b y r i n t h  r e f l e x  i s  abnorm al ,  and t h e r e f o r e  t h e  form of 
t h e  i n t e r a c t i o n  w i t h  t h e  neck r e f l e x  i s  a l t e r e d .  For 
ex am ple ,  head  r o t a t i o n  t o  t h e  l e f t  ( s i d e  of  l e s i o n )  w i l l  
r e s u l t  i n  l a b y r i n t h  and neck r e f l e x e s  b o th  a c t i n g  t o  
i n c r e a s e  t h e  e x t e n s o r  to n e  i n  t h e  r i g h t  l im b .  The e x t e n s o r  
t o n e  on t h e  i n t a c t  s i d e  f o l l o w i n g  head  r o t a t i o n  t o  t h e  l e f t  
i s  t h e r e f o r e  augmented by th e  abnormal  i n t e r a c t i o n  of  
l a b y r i n t h  and neck r e f l e x e s ,  w h i l e  t h e  to n e  on t h e  s i d e  of  
t h e  l e s i o n  rem ains  unchanged by l a b y r i n t h  and neck r e f l e x  
i n t e r a c t i o n ,  a l t h o u g h  i t  i s  d i m i n i s h e d  as  a s e c o n d a ry  
c o n seq u e n ce  of  t h e  l o s s  o f  f a c i l i t a t i o n  from 
v e s t i b u l o s p i n a l  sy s te m s  f o l l o w i n g  t h e  l a b y r i n t h e c t o m y .
The above a rgum ent  s u g g e s t s  t h a t  t h e  abnormal  
i n t e r a c t i o n  of  l a b y r i n t h  and neck r e f l e x e s  on t h e  s i d e  of
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t h e  r em a in in g  l a b y r i n t h  can accoun t  f o r  th e  e x a g g e ra t e d  
e x t e n s o r  to n e  on t h a t  s i d e .  The consequences  of  t h i s  
abnorm al  i n t e r a c t i o n  between l a b y r i n t h  and neck r e f l e x e s  
may a l s o  a c c o u n t  f o r  some o th e r  o b s e r v a t i o n s  made on 
b e h a v in g  c a t s  d u r in g  a c u te  s t a g e s  of  r e c o v e r y .  C a ts  
f o l l o w i n g  u n i l a t e r a l  l a b y r in th e c to m y  a r e  c o n s i s t e n t l y  
o b s e r v e d  t o  be u n a b le  to  m a in t a in  a s t a b l e  p o s i t i o n  d u r in g  
v o l u n t a r y  head movements. An animal a t t e m p t in g  t o  move i t s  
head  i s  thrown on to  i t s  s i d e ,  w i th  f a l l s  toward  t h e  s i d e  of 
l e s i o n  o c c u r r i n g  most  commonly. The tendency  to  f a l l  i s  a 
r e s u l t  of  t h e  abnormal r e f l e x  i n t e r a c t i o n  a c t i n g  on th e  
l im b  c o n t r a l a t e r a l  t o  th e  l e s i o n .  The drawings  of  F ig .  96 
which i l l u s t r a t e  t h i s  i n t e r a c t i o n  r e v e a l  t h a t  a head 
r o t a t i o n  t o  t h e  l e f t  i n c r e a s e s  r i g h t  e x t e n s o r  a c t i v i t y ,  
which c o u p le d  w i th  th e  d im in i sh e d  e x t e n s o r  tone  on th e  s i d e  
o f  t h e  l e s i o n  w i l l  e f f e c t i v e l y  throw t h e  animal  toward  t h a t  
s i d e .  I f  t h e  an im al  makes a head movement to  th e  r i g h t ,  t h e  
r i g h t  l im b i s  thrown i n t o  f l e x i o n  and t h e  animal once a g a in  
becomes u n s t a b l e  and w i l l  f a l l .  I t  can be seen ,  t h e r e f o r e ,  
t h a t  some of  t h e  p o s t u r a l  a b n o r m a l i t i e s  ob se rv ed  i n  t h e  
a c u t e  p r e p a r a t i o n  a r e  not  s o l e l y  d e f i c i e n c i e s  r e s u l t i n g  
from t h e  l o s s  o f  th e  l a b y r i n t h ,  bu t  a r e  th e  r e s u l t  of a 
r e v e r s a l  in  t h e  l a b y r i n t h  r e f l e x  on t h e  i n t a c t  s id e  
p r o d u c in g  i n t e r a c t i o n s  w i th  neck r e f l e x e s  t h a t  a r e  no 
l o n g e r  a p p r o p r i a t e  f o r  p o s t u r a l  s t a b i l i t y .
The o b s e r v a t i o n  t h a t  th e  l a b y r i n t h  r e f l e x  
i p s i l a t e r a l  to  th e  l e s i o n  ap p ea rs  norm al ,  w h i le  t h a t  
c o n t r a l a t e r a l  becomes r e v e r s e d  poses  t h e  q u e s t i o n  of  what 
pa thw ays  a r e  r e s p o n s i b l e  fo r  t h e s e  r e f l e x e s  i n  th e  normal
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c a t .  T h is  t o p i c  w i l l  be d e a l t  w i th  i n  t h e  f o l lo w in g  
s e c t i o n .
4 , ,3 . 1  Lebv r i n t h  po s i t i o n a l  r e f l e x e s  a r e  m edia ted  by a 
c o n t r a l a t e r a l  pa thway.
The v e s t i b u l a r  n u c l e a r  complex can i n f l u e n c e  th e  
s p i n a l  c o rd  by two s p i n a l  t r a c t s ,  t h e  m edia l  
v e s t i b u l o s p i n a l  t r a c t  and th e  l a t e r a l  v e s t i b u l o s p i n a l  t r a c t  
( see  rev iew  of t h e  v e s t i b u l a r  system by Goldberg and 
F e r n a n d e z ,  1 9 8 4 ) .  However, only  th e  l a t e r a l  v e s t i b u l o s p i n a l  
t r a c t  has  been d e m o n s t ra te d  to  i n f l u e n c e  l imb m u s c u la tu r e  
( see  rev iew  by Wilson and P e t e r s o n ,  19 7 8 ) ,  whereas t h e  
m e d ia l  t r a c t  a c t s  m ain ly  on neck and a x i a l  m u sc u la tu re  
(Wilson e t  a l . ,  19 7 0 ) .
The l a t e r a l  v e s t i b u l o s p i n a l  t r a c t  a r i s e s  from c e l l s  
l o c a t e d  i n  D e i t e r ' s  n u c le u s  and p r o j e c t s  i p s i l a t e r a l l y  to  
a l l  l e v e l s  of  th e  s p i n a l  co rd  (B roda i ,  1 974) .  T h is  t r a c t  i s  
b e l i e v e d  to  convey macular  in f o r m a t io n  t o  t h e  s p i n a l  co rd  
a s  i t  a r i s e s  from r e g io n s  w i th  a h igh  d e n s i t y  of  p r im ary  
o t o l i t h  a f f e r e n t  t e r m i n a t i o n s  (Brodai  e t  a l . , 19 62 ) .  Ind eed ,  
t i l t  s e n s i t i v e  secondary  l a t e r a l  v e s t i b u l o s p i n a l  p r o j e c t i n g  
c e l l s  have been found i n  s t u d i e s  u t i l i s i n g  n a t u r a l  
l a b y r i n t h i n e  s t i m u l a t i o n  (Boyle and Pompeiano, 1980; 
P e t e r s o n ,  1970; Schor ,  1974) .  These c e l l s  have m onosynaptic  
e x c i t a t o r y  e f f e c t s  on some h ind l im b  e x t e n s o r s  (Lund and 
Pompeiano, 1968; Wilson and Yoshida ,  1969) and i n h i b i t o r y  
a c t i o n s  m ed ia ted  by l a  i n h i b i t o r y  i n t e r n e u r o n e s  to  f l e x o r  
m otoneurones  ( G r i l l n e r ,  Hongo & Lund, 19 66 ) .  No
page 218
m on o sy n ap t ic  p r o j e c t i o n  to  fo re l im b  e x t e n s o r  motoneurones 
e x i s t ,  b u t  e x c i t a t o r y  p o t e n t i a l s  a r e  r e c o rd e d  b i l a t e r a l y  
w i th  d i s y n a p t i c  l a t e n c y  fo l lo w in g  e l e c t r i c a l  s t i m u l a t i o n  of  
D e i t e r s '  n u c l e u s ,  and a t r i s y n a p t i c  l a t e n c y  on d i r e c t  
e l e c t r i c a l  s t i m u l a t i o n  of  th e  v e s t i b u l a r  a p p a r a t u s  (Wilson 
and Y o sh id a ,  1969; Maeda e t  a l . ,  1 9 7 5 ) .  Fore l im b  f l e x o r s  
a r e  m a in ly  i n h i b i t e d  f o l lo w in g  e l e c t r i c a l  s t i m u l a t i o n  of  
t h e  l a b y r i n t h .  La tency  measurements su g g e s t  a pathway 
i n v o l v i n g  f o u r  sy n a p se s  (Maeda e t  a l . ,  1 9 7 5 ) .  From such 
s t u d i e s ,  and from th e  obvious  l o s s  o f  e x te n s o r  f a c i l i t a t i o n  
se en  on l e s i o n s  to  t h e  l a t e r a l  v e s t i b u l o s p i n a l  t r a c t ,  
D e i t e r s '  n u c le u s  has  been c o n s id e re d  an im p o r ta n t  r e l a y  
from th e  l a b y r i n t h  to  th e  l imb m u s c u la tu r e ,  and t h e r e f o r e  
c o u ld  p l a y  an im p o r t a n t  r o l e  in  th e  g e n e r a t i o n  of  t o n i c  
l a b y r i n t h  r e f l e x e s .
To what e x t e n t ,  g iven  t h e  i p s i l a t e r a l  t e r m i n a t i o n  
o f  t h e  v e s t i b u l o - s p i n a l  t r a c t  onto e x te n s o r  motoneurones ,  
can t h e  p a t t e r n  of  normal l a b y r i n t h  r e f l e x e s  be e x p la in e d  
by t h e  a c t i o n  o f  t h i s  pathway? In an a t t e m p t  to  answer t h i s  
q u e s t i o n ,  t h e  a c t i o n  o f  head t i l t  on e x t e n s o r  muscles  s h a l l  
be c o n s i d e r e d ,  t h e  involvem ent  of th e  f l e x o r s  s h a l l  be
c o n s i d e r e d  l a t e r .
The o p e r a t i o n  of  an i p s i l a t e r a l  l a b y r i n t h  r e f l e x ,  
i . e . ,  one dependan t  on t h e  i p s i l a t e r a l  l a t e r a l  
v e s t i b u l o s p i n a l  t r a c t ,  as  r e v e a l e d  by head t i l t  must have 
t h e  f o l lo w in g  p r o p e r t y ;  t o  a l low i n c r e a s e s  in  i p s i l a t e r a l  
e x t e n s o r  a c t i v i t y  w i th  s i d e —down head t i l t s  i t  i s  n e c e s s a r y  
t h a t  u t r i c u l a r  u n i t s  e x c i t e d  by side-down t i l t  m ed ia te  t h e  
r e f l e x .  The s i t u a t i o n  d e t a i l e d  in  F ig .  97 cou ld  then
AF ig u re  97. H y p o th e t ica l  i p s i l a t e r a l  f a c i l i t a t i o n  of  
e x te n s o r  motoneurones from th e  o t o l i t h s .  In  o rd e r  to  
p ro v id e  t h e  normal p a t t e r n  o f  asymmetr ic  l a b y r i n t h  
r e f l e x e s  i n  ex te n so r  motoneurones t h e  above pathway 
r e q u i r e s  u t r i c u l a r  a f f e r e n t s ,  m e d ia t in g  t h e  r e f l e x ,  t o  
i n c r e a s e  t h e i r  d i sc h a rg e  w i th  s ide-down t i l t s  and d e c r e a s e  
t h e i r  o u tp u t  w i th  s id e -u p  t i l t s .
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o p e r a t e .  In  t h i s  f i g u r e  th e  e f f e c t  of t i l t  on t h e  o t o l i t h s  
from o p p o s i t e  s i d e s  r e s u l t  i n  an asymmetry in  u t r i c u l a r  
a f f e r e n t  d i s c h a r g e  which r e s u l t s  in  asymmetr ic  r e f l e x e s  in  
o p p o s i t e  e x t e n s o r s .  T h is  r e s u l t  i s  c o n s i s t e n t  w i th  t h e  
e x i s t e n c e  of  an i p s i l a t e r a l  pathway from l a b y r i n t h  to  
e x t e n s o r  m usc le  u t i l i z i n g  th e  l a t e r a l  v e s t i b u l o s p i n a l  
t r a c t .  I f  one assumes t h i s  pathway as a model f o r  l a b y r i n t h  
r e f l e x e s ,  t h e n  u n i l a t e r a l  l a b y r in th e c to m y  w i l l  r e s u l t  in  
p r e d i c t a b l e  a l t e r a t i o n s  to  th e  l a b y r i n t h  r e f l e x .  T h e r e f o r e ,  
a ssum ing  an i p s i l a t e r a l  r e f l e x  o p e r a t e s ,  t h en  th e  
co n se q u e n c e s  of  a u n i l a t e r a l  l a b y r in th e c to m y  a re  as 
f o l l o w s .  The r e f l e x  on th e  s id e  of th e  l e s i o n  w i l l  be l o s t  
f o l l o w i n g  h e m i la b y r in th e c to m y  and t h a t  on th e  i n t a c t  s i d e  
w i l l  rem ain  norm al .  T h is  s i t u a t i o n  i s  i l l u s t r a t e d  i n  F ig .
98 .  However, a s  p r e v i o u s l y  d e s c r i b e d  th e  e x p e r im e n ta l  
r e s u l t s  o b t a i n e d  from an im als  s u b j e c t e d  to  u n i l a t e r a l  
l a b y r i n t h e c t o m y  do n o t  conform to  t h i s  model ( F ig s .  26 t o  
39) .
In  t h e  a c u te  animal th e  l a b y r i n t h  r e f l e x  on t h e  
s i d e  of  t h e  l e s i o n  i s  normal w h i le  t h a t  on t h e  s i d e  of t h e  
i n t a c t  l a b y r i n t h  i s  r e v e r s e d .  The e x p e r im e n ta l  r e s u l t s ,  
t h e r e f o r e  su g g e s t  t h a t  an a l t e r n a t i v e  pathway to  t h a t  
i l l u s t r a t e d  i n  F i g s .  97 and 98 must o p e r a t e .  I t  i s  p ro p osed  
t h a t  a pathway s i m i l a r  to  t h a t  shown i n  F ig .  99 o p e r a t e s  in  
t h e  a c u t e  h e m i l a b y r in th e c to m iz e d  c a t .  S ince  head t i l t  i n  an 
a c u t e  p r e p a r a t i o n  can on ly  i n f lu e n c e  th e  limb m u s c u la tu r e  
by a c t i v i t y  emanat ing  from the  rem ain ing  l a b y r i n t h ,  and 
t h a t  l e f t  and r i g h t  l im bs  show sym m etr ica l  l a b y r i n t h  
r e f l e x e s ,  t h e n  i t  i s  n e c e s s a r y  t h a t  a c ro s s e d  pathway,  i n
0M L J M
A 0 ^  + A
* _ labyrinthectomy
F ig u re  9 8 .  P r e d i c t e d  outcome upon th e  l a b y r i n t h  r e f l e x  
f o l l o w in g  h em i lab y r in th e c to m y  i f  t h e  scheme of  F ig  97 
o p e r a t e s .  With an i p s i l a t e r a l  pathway m ed ia t in g  o t o l i t h  
r e f l e x e s ,  h em i lab y r in th ec to m y  would only  a f f e c t  r e f l e x e s  
on t h e  s i d e  of the  l e s i o n .  The p a t t e r n  of r e f l e x e s  on th e  
u n o p e ra te d  s i d e  should  appear  normal.
m l
F ig u re  9 9 .  Proposed  pathway from the  o t o l i t h  to  e x te n s o r  
motoneurones  t h a t  can e x p la in  t h e  e x p e r im e n ta l  
o b s e r v a t i o n s  on th e  l a b y r i n t h  r e f l e x  i n  
h e m i l a b y r in th e c to m iz e d  c a t s .  U n i l a t e r a l  l a b y r in th e c to m y  
r e s u l t s  i n  sym m etr ica l  r e f l e x e s  i n  f o r e l im b  m usc les  
f o l lo w in g  head t i l t .  The r e f l e x e s  on th e  o p e ra t e d  s id e  
b e in g  normal and th ose  on th e  i n t a c t  l a b y r i n t h  be ing  
r e v e r s e d .  T h is  can be e x p la in e d  by the  p re sen c e  of both  a 
c r o s s e d  and u n c ro s se d  pathway to  e x t e n s o r s  which a re  
m ed ia ted  v i a  u t r i c u l a r  a f f e r e n t s  t h a t  i n c r e a s e  d i s c h a r g e  
w i th  s i d e - u p  t i l t s .
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a d d i t i o n  to  an i p s i l a t e r a l  p r o j e c t i o n  must e x i s t .  
F u r th e r m o r e ,  a s  t h e  form of th e  r e f l e x  i s  sym m etr ica l  
be tween l e f t  and r i g h t  s i d e s  th e  c o n t r a l a t e r a l  and 
i p s i l a t e r a l  pa thways a c t  w i th  th e  same s i g n .  An im p o r ta n t  
p o i n t  i s  t h a t  t h e  l a b y r i n t h  r e f l e x  i s  normal on th e  s i d e  of  
t h e  l e s i o n ,  which s u g g e s t s  t h a t  u t r i c u l a r  u n i t s  e x c i t e d  by 
s i d e - u p  t i l t s  m ed ia te  th e  r e f l e x ,  which may a l s o  e x p l a i n  
why th e  r e f l e x  c o n t r a l a t e r a l  to  t h e  l e s i o n  i s  r e v e r s e d .
From such c o n s i d e r a t i o n s  conce rn ing  t h e  d i s r u p t i o n  of  
l a b y r i n t h  r e f l e x e s  in  th e  a c u te  animal i t  a p p e a rs  t h a t  
u t r i c u l a r  a f f e r e n t s  showing an i n c r e a s e  in  d i s c h a r g e  d u r in g  
s i d e - u p  t i l t s  can p ro v id e  th e  c e n t r a l  nervous  system w i th  
t h e  n e c e s s a r y  a f f e r e n t  in p u t  r e q u i r e d  f o r  th e  g e n e r a t i o n  of  
o t o l i t h  r e f l e x e s  w i th o u t  th e  need f o r  e x t e n s i v e  c e n t r a l  
m o d i f i c a t i o n .  S u p p o r t i v e  ev idence  f o r  t h i s  comes from a 
s tu d y  i n  which th e  dynamic response  of  secondary  v e s t i b u l a r  
n e u ro n e s  p r o j e c t i n g  to  t h e  s p i n a l  co rd  were compared w i th  
t h e  dynamic c h a r a c t e r i s t i c s  of th e  l a b y r i n t h  r e f l e x  i n  
f o r e l i m b  e x t e n s o r s  in  c an a l  p lugged c a t s  (Schor and M i l l e r ,  
1 9 8 2 ) .  T h is  s tudy  r e v e a l e d  a s t r o n g  c o r r e l a t i o n  between th e  
b e h a v io u r  of  b e t a  c e l l s  ( i n c r e a s e  d i s c h a r g e  s id e -u p )  and 
th e  phase  c h a r a c t e r i s t i c s  of c o n t r a l a t e r a l  fo re l im b  
e x t e n s o r s .
The r e s u l t s  from h e m i la b y r in th e c to m iz e d  a n im a ls  
s u g g e s t  t h a t  t h e  scheme p o r t r a y e d  i n  F ig .  97 canno t  o p e r a t e  
i n  c a t s  w i th  two f u n c t i o n i n g  l a b y r i n t h s .  The s i t u a t i o n  in  
t h e  normal  c a t  has to  f u n c t i o n  as i l l u s t r a t e d  in  F ig .  100, 
where bo th  l a b y r i n t h s  a c t  v i a  i p s i l a t e r a l  and c o n t r a l a t e r a l  
p a th w ays .  In  view of t h i s ,  and b e a r in g  i n  mind t h a t  th e
A +  A
F ig u re  100.  Proposed scheme i n  t h e  i n t a c t  an imal  t h a t  
a l l o w s  t h e  e x p re s s io n  o f  the  normal asymmetric  l a b y r i n t h  
r e f l e x .  In  t h e  i n t a c t  animal th e  c ro s s e d  and i p s i l a t e r a l  
pa thw ays ,  as  proposed  from th e  r e s u l t s  from 
h e m i l a b y r in th e c to m iz e d  c a t s  (see F ig  9 9 ) ,  w i l l  converge  on 
e x t e n s o r  motoneurones ,  t h e r e f o r e ,  i n  th e  g e n e r a t i o n  of th e  
normal l a b y r i n t h  r e f l e x  t h e  c ro s se d  pathways must dominate  
over  t h e  i p s i l a t e r a l  o t o l i t h - e x t e n s o r  m otoneuronal  
pa thw ays .
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b i l a t e r a l  p r o j e c t i o n  from one l a b y r i n t h  i s  m u tu a l ly  
a n t a g o n i s t i c  t o  t h a t  from th e  o p p o s i t e  l a b y r i n t h ,  i t  i s  
n e c e s s a r y  fo r  th e  c o n t r a l a t e r a l  p r o j e c t i o n  from each 
l a b y r i n t h  to  dominate  in  o rd e r  to  p ro v id e  asymmetric  
l a b y r i n t h  r e f l e x e s .
S i m i l a r  c o n c l u s i o n s  fo l lo w  from e x p er im en ts  c a r r i e d  
o u t  on a n im a l s  s u b j e c t e d  to  s p i n a l  l e s i o n s .  M i l l e r  e t  a l .  
(1982) s t u d i e d  th e  e f f e c t s  of v e s t i b u l o s p i n a l  l e s i o n s  on 
f o l i ^ t i l t  r e f l e x e s .  The r e s u l t  of t h i s  s tudy  d e m o n s t ra te d  
t h a t  m ed ia l  v e s t i b u l o s p i n a l  t r a c t  l e s i o n s  ( s e c t i o n  to  th e  
m e d ia l  l o n g i t u d i n a l  f a s i c u l u s )  do no t  have a major  e f f e c t  
on l a b y r i n t h  r e f l e x e s ,  b u t  t h a t  h e m ise c t io n  of  t h e  cord  
i n v o v l i n g  t h e  l a t e r a l  v e s t i b u l o s p i n a l  t r a c t ,  ( l e s i o n s  to  
r e t i c u l o s p i n a l  t r a c t s  a l s o  be no ted  to  have o ccu r red )  
in d u c e d  two major e f f e c t s  on th e  e x te n s o r  b e h av io u r  of t h e  
f o r e l i m b .  The l e s i o n  a l t e r e d  th e  r e f l e x  behav io u r  of t h e  
e x t e n s o r  c o n t r a l a t e r a l  to  t h e  l e s i o n  by in du c in g  a phase  
r e v e r s a l  in  t h e  r e f l e x  re sp o n se  of t h e  muscle .  In  a d d i t i o n ,  
t h e  c l a s s i c a l  r e s u l t  of a l o s s  of e x te n s o r  a c t i v i t y  
i p s i l a t e r a l l y  on l a t e r a l  v e s t i b u l o s p i n a l  t r a c t  l e s i o n  was 
o b s e r v e d ,  w i th  a p a r t i a l  l o s s  of r i g i d i t y  on th e  i n t a c t  
s i d e .  The phase  r e v e r s a l  c o n t r a l a t e r a l  to  th e  l e s i o n  and 
t h e  normal form of t h e  r e f l e x  i p s i l a t e r a l  to  t h e  l e s i o n  
s u p p o r t  t h e  id ea  t h a t  th e  t o n i c  l a b y r i n t h  r e f l e x  i s  
p r e d o m i n a t e ly  m ed ia ted  by c o n t r a l a t e r a l  pa thways.
M i l l e r  e t  a l . ' s  (1982) o b s e r v a t i o n  of a l o s s  of 
e x t e n s o r  tone  c o n t r a l a t e r a l  to  th e  l e s i o n  i s  o p p o s i t e  to  
t h e  r e s u l t  seen fo l lo w in g  h e m i lab y r in th e c to m y ,  where 
e x t e n s o r  tone  i s  h e ig h te n e d  r a t h e r  th an  reduced .  An
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e x p l a n a t i o n  f o r  t h i s  d i f f e r e n c e  i n  e x t e n s o r  tone  in  t h e  
d i f f e r e n t  p r e p a r a t i o n s  i s  o u t l i n e d  below. In  M i l l e r  e t  a l .  
(1982) t h e  l e s i o n s  were c a r r i e d  ou t  a t  C2-C3 l e v e l s  which 
l e a v e  t h e  a c t i v i t y  o f  c e l l s  w i t h i n  t h e  v e s t i b u l a r  n u c l e i  
l a r g e l y  u n a f f e c t e d ,  whereas h e m i lab y r in th ec to m y  s u p p r e s s e s  
t h e  t o n i c  a c t i v i t y  o f  t h e s e  c e l l s  i p s i l a t e r a l l y ,  and may 
f a c i l i t a t e  c e l l s  of  t h e  o p p o s i t e  l a t e r a l  n u c le u s  due to  th e  
removal  of  c e r e b e l l a r  i n h i b i t i o n  (see  d i s c u s s i o n  X e r r i  e t  
a l . ,  1 9 8 3 ) .  T h e re fo re  no h y p e r to n ia  c o n t r a l a t e r a l  to  th e  
l e s i o n  i s  seen  in  t h e  exper im en ts  of  M i l l e r  e t  a l .  (1982) 
a s  f a c i l i t a t i o n  from th e  i n t a c t  v e s t i b u l o s p i n a l  t r a c t  i s  
n o t  a l t e r e d  (as o c c u r s  w i th  h e m i l a b y r in th e c to m y ) . The 
o b s e r v a t i o n  t h a t  a h y p o to n ia  deve lops  i n  th e  c o n t r a l a t e r a l  
l im b  f o l l o w i n g  s e c t i o n  of  the  i p s i l a t e r a l  v e s t i b u l o s p i n a l  
t r a c t  can be e x p la in e d  by th e  removal of  th e  p o s t u l a t e d  
c o n t r a l a t e r a l  f a c i l i t a t o r y  pathway.
From th e  r e s u l t s  of hem i lab y r in thec to m y  i t  i s  
d i f f i c u l t  to  be c e r t a i n  i f  th e  major c o n t r a l a t e r a l  pathway 
from l a b y r i n t h  to  e x te n s o r  i s  c ro s s e d  a t  th e  l e v e l  of t h e  
b r a i n  stem or th e  s p i n a l  co rd .  The o b s e r v a t i o n  of t i l t  
s e n s i t i v e  neurones  in  th e  l a t e r a l  v e s t i b u l a r  n u c leu s  
f o l l o w i n g  d e s r u c t i o n  of  th e  l a b y r i n t h  i l l u s t r a t e  t h a t  a 
p r o j e c t i o n  from th e  i n t a c t  s id e  to  th e  d e a f f e r e n t e d  s id e  
e x i s t s ,  t h e r e b y  i n d i c a t i n g  th e  p o s s i b i l i t y  of a c ro s s e d  
b r a i n  stem pathway (X er r i  e t  a l . ,1 9 8 3 ) .  However, th e  
o b s e r v a t i o n  t h a t  s p i n a l  hem ise c t io n  r e s u l t s  in  a phase 
r e v e r s a l  on th e  i n t a c t  s i d e  (M i l le r  e t  a l . ,  1982) i n d i c a t e s  
t h e  p r e s e n c e  of a major pathway from l a b y r i n t h  to  
c o n t r a l a t e r a l  e x te n so r  c r o s s i n g  w i t h i n  th e  s p i n a l  c o rd .
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L a b y r i n th  r e f l e x e s  can be r e c o g n i s e d  to  a c t  m ain ly  
v i a  c o n t r a l a t e r a l  pathways m ed ia ted  by secondary  v e s t i b u l a r  
n e u ro n e s  t h a t  i n c r e a s e  t h e i r  d i s c h a r g e  w i th  s i d e - u p  t i l t s .
In  F i g .  100 t h e  c o n t r a l a t e r a l  and i p s i l a t e r a l  p r o j e c t i o n s  
a r e  i l l u s t r a t e d  f o r  c a t s  w i th  two f u n c t i o n i n g  l a b y r i n t h s .  
However, i n  a d d i t i o n  to  t h e  i p s i l a t e r a l  pathway i l l u s t r a t e d  
i n  F i g .  100 (showing d e c re a s e d  a c t i v i t y  w i th  s ide-down 
t i l t s )  an i p s i l a t e r a l  p r o j e c t i o n  from c e l l s  e x h i b i t i n g  
i n c r e a s e d  a c t i v i t y  w i th  s ide-down t i l t s  (as d e s c r i b e d  f o r  
F i g .  97) can  be e n v is a g e d .  Two a c t i o n s  may t h e r e f o r e  
accompany th e  i p s i l a t e r a l  p r o j e c t i o n  from the  o t l o l i t h s  to  
t h e  e x t e n s o r  motoneurone p o o l s .  One a c t i o n  r e s u l t i n g  from 
t h e  b e t a  c e l l  m ed ia ted  e f f e c t ,  as  p o s t u l a t e d  from th e  
r e s u l t s  o f  h e m i la b y r in th e c to m y ,  and t h e  o th e r  from an 
h y p o t h e t i c a l  a lp h a  c e l l  g e n e r a t e d  e f f e c t .  Assuming t h a t  
t h e s e  a c t i o n s  a r e  no t  a l t e r e d  by n e u r a l  f i l t e r i n g ,  a 
l a t e r a l  t i l t  of  t h e  head w i l l  r e s u l t  i p s i l a t e r a l l y  in  
o p p o s in g  a c t i o n s  from th e  two ty p e s  of  l a t e r a l  v e s t i b u l a r  
n u c l e a r  c e l l .  T h is  im p l i e s  a h e i r a r c h y  of  e f f e c t i v e n e s s  
o n to  m otoneurones  i n  th e  g e n e r a t i o n  of  s t a t i c  l a b y r i n t h i n e  
r e f l e x e s .  In  t h e  absence  of th e  dominant c o n t r a l a t e r a l  
i n p u t ,  a s  o c c u r s  fo l lo w in g  h e m i lab y r in th e c to m y  or s p i n a l  
s e c t i o n ,  t h e  opposing  i p s i l a t e r a l  a c t i o n s  on th e  i n t a c t  
s i d e  a r e  r e s o l v e d  i n  th e  favour  of b e t a  a c t i o n s .
To p ro v id e  a normal asymmetric  r e f l e x  on head t i l t  
t h e  c o n t r a l a t e r a l  pathway i s  seen  or i s  s u g g e s t e d ,  from th e  
e x p e r i m e n t a l  r e s u l t s  of t h i s  s tu d y ,  to  be more im p o r ta n t  
t h a n  th e  i p s i l a l e r a l  pa thways.  Of th e  i p s i l a t e r a l  a c t i o n s  
t h e  n e x t  most e f f e c t i v e  pathway to  th e  c o n t r a l a t e r a l  one i s
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t h e  i p s i l a t e r a l  b e t a  m ed ia ted  a c t i o n ,  which in  t u r n  
d om in a te s  over  t h e  i p s i l a t e r a l  a lp h a  m ed ia ted  i n p u t .  An 
e x t e n s o r  motoneurone can be c o n s id e re d  to  r e c e i v e  t h r e e  
i n p u t s  (1) c o n t r a l a t e r a l  b e t a ,  (2) i p s i l a t e r a l  b e t a  and (3) 
i p s i l a t e r a l  a lp h a .  The a lp h a  a c t i o n  when in  t h e  p re s e n c e  of 
t h e  c o n t r a l a t e r a l  b e t a  i n p u t  may a s s i s t  i n  o f f s e t t i n g  th e  
o p p o s in g  a c t i o n s  from th e  i p s i l a t e r a l  b e t a  p r o j e c t i o n  to  
p r o v i d e  a p p r o p r i a t e  in p u t  f o r  the  g e n e r a t i o n  of  th e  
l a b y r i n t h  r e f l e x .
R e s u l t s  from e x per im en ts  u l i l i z i n g  e l e c t r i c a l  
s t i m u l a t i o n  of  t h e  l a b y r i n t h  p ro v id e  a d d i t i o n a l  s u p p o r t  f o r  
t h e  above scheme. Fore l im b  e x te n s o r  muscles  r e c e i v e  
s y n a p t i c  i n p u t  from bo th  i p s i -  and c o n t r a l a t e r a l  l a b y r i n t h s  
(Maeda e t  a l . ,  1 9 7 5 ) .  U nl ike  n a t u r a l  s t i m u l a t i o n  of t h e  
l a b y r i n t h ,  where one p o p u l a t i o n  of  v e s t i b u l a r  a f f e r e n t s  may 
re spond  w i th  an i n c r e a s e  in  a c t i v i t y  and a n o th e r  a 
d e c r e a s e ,  e l e c t r i c a l  s t i m u l a t i o n  r e s u l t s  in  a n o n - s p e c i f i c  
i n c r e a s e  i n  a l l  a f f e r e n t s .  The r e s u l t s  of  such s t u d i e s  
t h e r e f o r e  i n d i c a t e  what pathways a r e  a v a i l a b l e ,  bu t  do no t  
p r o v i d e  any i n f o r m a t i o n  on th e  f u n c t i o n a l  s i g n i f i c a n c e  of 
t h e s e  pa thw ays .  D e s p i t e  t h i s ,  c e r t a i n  p a r a l l e l s  can be 
drawn between th e  r e s u l t s  p r e s e n t e d  in  t h i s  t h e s i s  from 
a c u t e  h e m i l a b y r i n th e c t o m iz e d  a n im a ls ,  t h e  exp er im e n ts  of  
M i l l e r  e t  a l .  (1982) ,  and th e  r e s u l t s  of Maeda e t  a l .
(1 9 7 5 ) .  F o l low ing  l e s i o n s  w i t h i n  th e  m edul la  to  th e  l a t e r a l  
v e s t i b u l o s p i n a l  t r a c t  or fo l lo w in g  h igh  s p i n a l  h e m is e c t io n  
t h e  o c c u r r e n c e  of s y n a p t i c  e v e n ts  in  c o n t r a l a t e r a l  
m otoneurones  on l a b y r i n t h i n e  s t i m u l a t i o n  i s  g r e a t l y  reduced  
(Maeda e t  a l . ,  19 75 ) .  These r e s u l t s  s u p p o r t  th e  s u g g e s t i o n
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t h a t  t h e  pathway t o  c o n t r a l a t e r a l  motoneurones descends  
i p s i l a t e r a l l y  in  t h e  co rd  b e fo r e  c r o s s i n g .  T h is  pa thway,  
d ed u ced  from th e  s t u d i e s  d e t a i l e d  i n  t h i s  t h e s i s  and from 
t h e  r e s u l t s  o f  M i l l e r  e t  a l .  (1982) can be i d e n t i f i e d  as  
t h e  c o n t r a l a t e r a l  b e t a  m edia ted  pathway. While t h e  
i p s i l a t e r a l  s y n a p t i c  e v e n t s  o bse rved  by Maeda e t  a l .  (1975) 
c o r r e s p o n d  t o  t h e  p o s t u l a t e d  i p s i l a t e r a l  b e t a  and a lp h a  
p a th w a y s .
I t  would t h e r e f o r e  appear  t h a t  bo th  th e  i p s i l a t e r a l  
and c o n t r a l a t e r a l  pa thw ays ,  which a re  th o u g h t  to  e x i s t  and 
p a r t i c i p a t e  i n  g e n e r a t i n g  l a b y r i n t h  r e f l e x e s  on to  
e x t e n s o r s ,  c an ,  by a c t i n g  th rough  s p i n a l  i n t e r n e u r o n e s , 
u t i l i z e  t h e  l a t e r a l  v e s t i b u l o s p i n a l  t r a c t .  Maeda e t  
a l . (1975) d e m o n s t r a te d  t h a t  both  i p s i -  and c o n t r a l a t e r a l  
a c t i o n s  t o  f o r e l i m b  motoneurones in v o lv e  a t r i s y n a p t i c  l i n k  
from t h e  l a b y r i n t h ,  i n d i c a t i n g  t h a t  a s p i n a l  i n t e r n e u r o n e  
i s  i n t e r p o s e d  i n  b o th  pathways.  The s i m p le s t  r o u t e s  f o r  
t h e s e  pathways have th e  folowing components (1) 
c o n t r a l a t e r a l  pa thway:  l a b y r i n t h -  D e i t e r s '  n u c le u s  ( l a t e r a l  
v e s t i b u l o s p i n a l  t r a c t  b e ta  c e l l s ) -  commisural  s p i n a l  
i n t e r n e u r o n e  ( e x c i t a t o r y ) -  c o n t r a l a t e r a l  e x te n s o r  
m o to n eu ro n e ,  (2) i p s i l a t e r a l  pa thways:  l a b y r i n t h -  D e i t e r s *  
n u c l e u s  ( l a t e r a l  v e s t i b u l o s p i n a l  b e t a  and a lp ha  c e l l s ) -  
s p i n a l  i n t e r n e u r o n e  ( e x c i t a t o r y ) -  i p s i l a t e r a l  e x te n s o r  
m o toneurone .  These pathways a re  no t  t h e  only  ways in  which 
l a b y r i n t h i n e  a c t i v i t y  can reach  th e  s p i n a l  c o rd .  I t  i s  
known from th e  work o f  P e t e r s o n  e t  a l .  (1980) and Manzoni 
e t  a l .  (1983) t h a t  r e t i c u l o s p i n a l  t r a c t  c e l l s  a r e  
r e s p o n s i v e  to  e l e c t r i c a l  and n a t u r a l  l a b y r i n t h i n e
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stimulation respectively.
Pompeiano (Manzoni et al., 1983) regards the 
reticular formation contribution to the development of 
labyrinth roll—tilt reflexes as one which compliments an 
ipsilateral vestibulospinal facilitation of extensors by 
altering levels of inhibition. Of the tilt sensitive cells 
located in the reticular formation the ratio of cells 
excited by side-up tilts to cells excited by side-down 
tilts is the inverse to that found within lateral 
vestibilospinal neurones (Manzoni et al., 1983) .  The 
distribution of tilt sensitive cells in the reticular 
formation is believed by Manzoni et al. (1983) to reflect 
the behaviour of contralateral vestibulo-spinal cells, and 
so during side-up tilts the activity in the majority of 
tilt sensitive reticular neurones will increase, while 
during side-down tilts their activity will fall. These 
cells are thought to provide extensor inhibition during 
side-up tilts and disinhibition on side-down tilts (Manzoni 
et al., 1 9 8 3 ) .  The reticulospinal cells as described by 
Manzoni et al. (1983) can certainly assist in the 
development of labyrinth reflexes by modulating levels of 
inhibition to limb extensors, however this is not their 
only possible role. In particular the possible role of 
reticulo-spinal relations in developing the flexor 
component of the labyrinth reflex cannot be discounted.
4 . 3 . 2  Pathways t h a t  can m ed ia te  t h e  flexor response to h^ad 
r o t a t i o n .
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The r e s u l t s  from exper im en ts  c a r r i e d  ou t  on c a t s  
w i th  i n t a c t  l a b y r i n t h s  have dem ons tra ted  th e  f o l l o w in g :  (1) 
head  r o t a t i o n  a c t s  both  on limb e x te n so r  and f l e x o r  
m u s c u l a t u r e ,  and (2) i n  th e  normal animal t h e s e  a c t i o n s  a r e  
o r g a n i s e d  r e c i p r o c a l l y .  The involvement of th e  f l e x o r  
m u s c u l a t u r e  in  l a b y r i n t h  and neck r e f l e x e s  can be th o u g h t  
t o  o p e r a t e  th ro u g h  a number of h y p o t h e t i c a l  mechanisms, 
a l t h o u g h  from t h e  e x p er im en ts  c a r r i e d  o u t ,  no d e f i n i t i v e  
c o n c l u s i o n  as  t o  what pathway o p e r a t e s  d u r in g  th e s e  
r e f l e x e s  can be made. In  t h i s  s e c t i o n  of th e  t h e s i s  
e v id e n c e  s u p p o r t i n g  or a t t a c k i n g  v a r i o u s  id e a s  on th e  
deve lopm en t  of  t h e  f l e x o r  l a b y r i n t h  r e f l e x  w i l l  be 
d i s c u s s e d .
The n a t u r e  of th e  r e c i p r o c a l  o r g a n i s a t i o n  between 
f l e x o r  and e x t e n s o r  m usc les  conforms w i th  th e  c l a s s i c a l  
S h e r r i n g t o n i a n  concep t  of r e c i p r o c a l  i n n e r v a t i o n  
( S h e r r i n g t o n ,  1892;  s e e .  C o l l e c t e d  w r i t i n g s  of  S i r  C h a r le s  
S h e r r i n g t o n ,  1979,  Ch V I I ) .  One mechanism which could  
a c c o u n t  f o r  th e  b eh av io u r  of f l e x o r  muscles  d u r in g  head 
r o t a t i o n  would be t h a t  th e  descending  l a b y r i n t h i n e  i n p u t  to  
e x t e n s o r s  a l s o  a c t e d  upon i n t e r n e u r o n e s  m ed ia t in g  
r e c i p r o c a l  i n h i b i t i o n  of  f l e x o r s .  In such a scheme e x te n s o r  
f a c i l i t a t i o n  would be accompanied by f l e x o r  i n h i b i t i o n  
( r e s u l t i n g  from an i n c r e a s e  in  th e  d r i v e  to  l a  i n h i b i t o r y  
i n t e r n e u r o n e s ) . S i m i l a r l y  a r e d u c t io n  in  e x te n s o r  
f a c i l i t a t i o n  (s i d e —up t i l t )  would l e a d  to  a d i s i n h i b i t i o n  
o f  f l e x o r  motoneurones  and t h i s  could  l e a d  to  what a p p e a r s  
l i k e  f a c i l i t a t i o n  in  t h e  f l e x o r  EMC. In t h i s  mechanism, t h e  
f l e x o r  EMG w i l l  always r e f l e c t  th e  i n v e r s e  of the
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e x c i t a t o r y  d r i v e  to  th e  e x te n so r  motor p o o l s ,  a l th o u g h  an 
i n c r e a s e  i n  a c t i v i t y  can only occur i f  t h e  motoneurones a r e  
under  some f a c i l i t a t i o n  which i s  r e l e a s e d  f o l lo w in g  t h e  
removal  o f  i n h i b i t i o n .
The o b s e r v a t i o n  t h a t  s t i m u l a t i o n  of th e  whole 
l a b y r i n t h  induced  I P S P 's  b i l a t e r a l l y  in  fo r e l im b  f l e x o r  
m o toneurones  (Maeda e t  a l .  1975) s u p p o r t s  th e  id ea  t h a t  t h e  
f l e x o r  l a b y r i n t h  r e f l e x  i s  m edia ted  by m odula t ion  of an 
i n h i b i t o r y  mechanism. The i n h i b i t i o n  o c c u r s  w i th  a l a t e n c y  
t h a t  r e q u i r e s  f o u r  sy n a p se s ,  which i s  one more than  i s  
o b s e r v e d  i n  t h e  e x c i t a t o r y  pathway to  e x t e n s o r s  (Maeda e t  
a l . ,  1 9 7 5 ) .  A d d i t i o n a l  s u p p o r t  comes from s t u d i e s  on 
d e s c e n d in g  i n h i b i t i o n  of  h ind l im b f l e x o r s  ( G r i l l n e r  e t  a l . ,  
1966) , which d e m o n s t r a te  t h a t  e l e c t r i c a l  s t i m u l a t i o n  of  
D e i t e r s '  n u c le u s  evokes a s h o r t  l a t e n c y  IPSP i n  f l e x o r  
m o to n e u ro n es ,  and t h a t  s u b th r e s h o ld  s t i m u l a t i o n  of t h i s  
n u c l e u s  f a c i l i t a t e s  t r a n s m i s s i o n  of a submaximal l a  IPSP 
from q u a d r i c e p s .  G r i l l n e r  e t  a l .  (1966) concluded  t h a t  th e  
v e s t i b u l o s p i n a l  t r a c t  by u t i l i s i n g  t h e  r e c i p r o c a l  l a  
i n h i b i t o r y  p a th  can d i s t r i b u t e  i n h i b i t i o n  to  f l e x o r  
m o to n e u ro n es .  T h is  covergence  of descen d ing  v e s t i b u l o s p i n a l  
v o l l e y s  w i th  e x te n s o r  coup led  l a  i n h i b i t o r y  i n t e r n e u r o n e s  
h as  been confi rm ed by s e v e r a l  s t u d i e s  i n v e s t i g a t i n g  t h e  
t im e  c o u rs e  of r e c i p r o c a l  l a  i n h i b i t i o n  of h indl imb f l e x o r s  
( G r i l l n e r  and Hongo, 1972;  Hongo, Kudo & Tanaka,  1975; 
H u l tb o r n  and Udo, 1972a;  H u l tbo rn  and Udo, 1972b) ,  and by 
d i r e c t  r e c o r d in g  from the  i n t e r n e u r o n e s  them se lves  
( H u l tb o rn ,  I l l e r t  & S a n t i n i ,  1975) .  Indeed th e  l a t e r a l  
v e s t i b u l o s p i n a l  t r a c t  i s  t h e  only d escend in g  t r a c t  in  t h e
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c a t  known to  p r o j e c t  d i r e c t l y  to  l a  i n h i b i t o r y  
i n t e r n e u r o n e s  ( B a l d i s s e r a ,  H ul tborn  & I l l e r t ,  1981) .
In  t h e  d i s c u s s i o n  on pathways m ed ia t in g  t h e  
l a b y r i n t h  r e f l e x  t o  e x t e n s o r s  i t  was concluded  t h a t  a 
c o n t r a l a t e r a l  pathway dominated over i p s i l a t e r a l  a c t i o n s .  
F o l lo w in g  h e m i la b y r in th e c to m y  th e  f l e x o r -  e x te n s o r  
r e l a t i o n s h i p  o f  r e c i p r o c a t i n g  a c t i v i t y  i s  m a in t a in e d  i n  
b o th  l im b s  b u t  t h e  p a t t e r n  in  th e  l imb c o n t r a l a t e r a l  to  th e  
l e s i o n  i s  r e v e r s e d .  I t  would, t h e r e f o r e ,  appear  t h a t  th e  
f l e x o r  r e s p o n s e s  fo l lo w  th e  same h i e r a r c h i c a l  o r g a n i s a t i o n  
a s  t h e  e x t e n s o r  resp on se  does ,  t h a t  i s ,  t h e  normal r e sp o nse  
i s  dep en dan t  on t h e  p re s e n c e  of th e  c o n t r a l a t e r a l  
l a b y r i n t h .  Again th e  r e s u l t s  of Maeda e t  a l .  (1975) s u p p o r t  
t h i s  v iew .  V e s t i b u l o - s p i n a l  t r a c t  l e s i o n  a b o l i s h e s  I P S P 's  
b o th  i p s i -  and c o n t r a l a t e r a l l y  (Maeda e t  a l . ,  1975) and so 
s t r e n g t h e n s  t h e  case  t h a t  i n h i b i t i o n  from the  c o n t r a l a t e r a l  
l a b y r i n t h  a c t s  i n  f l e x o r  l a b y r i n t h  r e f l e x e s .  S i m i l a r l y ,
Hongo e t  a l .  (1975) dem o n s t ra te d  in  t h e  h ind l im b  t h a t  
c r o s s e d  i n h i b i t i o n  of  f l e x o r  motoneurones r e s u l t i n g  from 
v e s t i b u l o s p i n a l  t r a c t  s t i m u l a t i o n  r e q u i r e s  a n e u ra l  c i r c u i t  
i n v o l v i n g  a commisural  in t e r n e u r o n e  and a l a  i n h i b i t o r y  
i n t e r n e u r o n e  (see  F ig .  101 ) .
A l though a mechanism of modulated i n h i b i t i o n  w i th  
head  t i l t s  can t h e o r e t i c a l l y  p ro v id e  th e  form of r e f l e x  
r e a c t i o n s  o bse rv ed  in  f o r e l im b  f l e x o r s ,  a l t e r n a t i v e  schemes 
can a l s o  be e n v is a g e d .  There i s  ev idence  t h a t  the  e x te n s o r  
and f l e x o r  r e s p o n se s  can be g e n e r a te d  in d e p e n d e n t ly  of  each 
o t h e r ,  which im p l i e s  th e  absence  of a sh a red  descend ing  
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F ig u r e  101
v e s t i b u l a r
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i n t e r n e u r o n e
i n t e r n e u r o n e
t h e  l a t e r a l
r e p r e s e n t s
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I n h i b i t o r y  pathway from c o n t r a l a t e r a l
n u c le i  to  limb f l e x o r  m otoneurones .  The 
pathway from the  c o n t r a l a t e r a l  l a t e r a l  
n uc le u s  (LVN) to  f l e x o r  motoneurones ( f l e x  
m ed ia ted  by convergence onto  l a  i n h i b i t o r y
s ( l a  i n h i b .  i . n . )  from a commisural
(commis i . n . )  r e c e i v i n g  s y n a p t i c  i n p u t  from 
v e s t i b u l o s p i n a l  t r a c t  (LVST). T h is  pathway
a means whereby a r e c i p r o c a l  inp u t  to  f l e x o r  
(ext  m.n.)  motoneurones can o p e r a t e .
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" p r i v a t e "  i n p u t s .
In  s e v e r a l  i n s t a n c e s  l a b y r i n t h  r e f l e x e s  were 
o b s e r v e d  t o  occu r  in  f l e x o r  m u sc u la tu re  when no EMG change 
c o u ld  be o b se rved  i n  e x t e n s o r s .  In t h i s  c a se ,  i f  t h e  i n p u t s  
t o  each  motor pool  r e f l e c t e d  th e  i n v e r s e  of th e  same 
d e s c e n d in g  i n f l u e n c e ,  i t  would seem t h a t  r e f l e x  
t r a n s m i s s i o n  must be dependant  on th e  e x c i t a b i l i t y  of  the  
i n t e r p o s e d  s p i n a l  i n t e r n e u r o n e s ,  ( a l t e r a t i o n s  of  which 
m ig h t  occu r  in  f l u c t u a t i n g  l e v e l s  of d e c e r e b r a t e  r i g i d i t y ) • 
Though an e q u a l l y  v a l i d  h y p o t h e s i s  i s  t h a t  f l e x o r  and 
e x t e n s o r  a c t i v i t y  r e s u l t  v i a  m odu la t ion  of  ' i n d e p e n d e n t '  
f a c i l i t a t o r y  sys tem s  which may a l s o  show s u p p r e s s io n  or 
enhancement of r e f l e x  t r a n s m i s s i o n  w i th  a l t e r i n g  l e v e l s  of 
r i g i d i t y .  The r e s u l t s  of  exper im en ts  i n  t h i s  t h e s i s ,  
a l t h o u g h  u n a b le  to  p rove  t h i s  co n ce p t ,  can p ro v id e  s u p p o r t  
f o r  a scheme in v o lv i n g  f a c i l i t a t o r y  pathways to  f l e x o r s .
In  s e v e r a l  a c u t e  exper im en ts  t h e  l e f t  f l e x o r  d id  
n o t  a lways respond in  a r e c i p r o c a l  manner to a c t i v i t y  
changes  i n  t h e  l e f t  e x t e n s o r .  This  o b s e r v a t i o n ,  a l th o u g h  
o c c u r r i n g  i n  a m in o r i t y  of  ex p e r im e n ts ,  s u g g e s t s  t h a t  an 
i n d e p e n d e n t  pathway to  f l e x o r  motoneurones may be in  
o p e r a t i o n ,  s i n c e  such a c t i v i t y  cannot  be e a s i l y  p r e d i c t e d  
from a model in  which f l e x o r  a c t i v i t y  d u r in g  head t i l t s  i s  
d e p en d an t  on a l t e r e d  l e v e l s  of r e c i p r o c a l  i n h i b i t i o n .
I f  an e x c i t a t o r y  p r o j e c t i o n  e x i s t s  from the  
l a b y r i n t h  to  f l e x o r  motoneurones ,  i t  i s  u n l i k e l y  t h a t  i t  
a c t s  v i a  v e s t i b u l o s p i n a l  sys tem s.  In o rd e r  to  p r e s e r v e  th e  
n a t u r e  o f  th e  f l e x o r  resp o nse  to  head t i l t  and th e  
r e c i p r o c a l  r e l a t i o n s h i p s  between e x te n s o r  and f l e x o r
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m u sc le s  t h e  d r i v e  to  th e  f l e x o r s  d u r in g  head t i l t  must 
r e f l e c t  t h e  i n v e r s e  resp o nse  to  th e  d r i v e  to  e x t e n s o r s .  
A f f e r e n t  p r o j e c t i o n s  from the  o t o l i t h s  show a d i s t r i b u t i o n  
o f  r e s p o n s e s  t h a t  can be c h a r a c t e r i s e d  by i n c r e a s e s  or 
d e c r e a s e s  i n  a c t i v i t y  w i th  l a t e r a l  t i l t .  W ith in  t h e  l a t e r a l  
v e s t i b u l a r  n u c l e i  t h i s  d i s t r i b u t i o n  i s  p r e s e r v e d  i n  t h e  
s e n s e  t h a t  th e  p r o p o r t i o n  of  secondary  v e s t i b u l a r  neu rones  
showing i n c r e a s e d  a c t i v i t y  with  s ide-down t i l t s  (a lpha  
r e s p o n s e )  t o  t h o s e  t h a t  i n c r e a s e  f i r i n g  w i th  s i d e - u p  t i l t s  
( b e t a  r e s p o n se )  i s  t h e  same as t h a t  found in  t h e  e ig h t h  
n e r v e  ( f o r  rev iew see  Goldberg and Fernandez ,  19 84 ) .  
R e c e n t l y ,  t h e  re sp o n se  of r e t i c u l o s p i n a l  neurones  to  
l a t e r a l  t i l t  has  been rec o g n ize d  to  r e f l e c t  t h e  o p p o s i t e  
d i s t r i b u t i o n  of  r e s p o n s i v e  u n i t s  to  t h a t  found w i t h i n  t h e  
i p s i l a t e r a l  e i g h t  ne rve  or l a t e r a l  v e s t i b u l a r  n u c le u s  
(Manzoni e t  a l . ,  1 98 3 ) .  These c e l l s  were d e s c r i b e d  to  be 
l o c a t e d ,  w i th  t o p o g r a p h i c a l  r e p r e s e n t a t i o n ,  w i t h i n  t h e  
m e d u l l a r y  r e t i c u l a r  r e g io n .  C e l l s  e x c i t e d  by s i d e - u p  t i l t  
were  found i n  h i g h e s t  d e n s i t y  in  cauda l  most r e g io n s  of  t h e  
m e d u l l a r y  r e t i c u l a r  fo rm a t io n  w h i l s t  u n i t s  e x c i t e d  by 
s id e -do w n  t i l t  were g e n e r a l l y  found i n  r o s t r a l  r e g io n s  of 
t h e  e x p lo r e d  r e t i c u l a r  f o rm a t io n .  Manzoni e t  a l .  (1983) 
c o n c lu d e d  t h a t  macular  s i g n a l s  e x e r t  s e l e c t i v e  c o n t r o l  over  
l i m i t e d  r e g i o n s  of  th e  r e t i c u l a r  fo rm a t io n .  S ince  t h e s e  
r e t i c u l o s p i n a l  p r o j e c t i n g  c e l l s  behave in  many ways 
o p p o s i t e  to  v e s t i b u l o s p i n a l  neurones  of  the  same s i d e ,  t h e  
p o s s i b i l i t y  e x i s t s  t h a t  th e s e  c e l l s  could  p a r t i c i p a t e  in  
t h e  g e n e r a t i o n  of th e  f l e x o r  response  to  head r o t a t i o n .
Sprague and Chambers (1954) in  an e a r l y  s tudy  on
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t h e  r e t i c u l a r  f o r m a t io n  dem ons tra ted  t h a t  e l e c t r i c a l  
s t i m u l a t i o n  o f  d i f f e r e n t  r e g io n s  could  induce  a l t e r a t i o n s  
i n  p o s t u r a l  t o n u s .  I n t e r e s t i n g l y ,  i t  was ob se rv ed  t h a t  th e  
most  p re d o m in a te  e f f e c t  of r e t i c u l a r  s t i m u l a t i o n  on l imb 
p o s t u r e  was o f  a r e c i p r o c a l  n a tu r e  (Sprague and Chambers, 
1954) • I f  t h e  s t i m u l u s  was a p p l i e d  w i t h i n  m edia l  r e g io n s  
i p s i l a t e r a l  f l e x i o n ,  and e x te n so r  i n h i b i t i o n  was 
accom panied  by c o n t r a l a t e r a l  e x te n s io n  and f l e x o r  
i n h i b i t i o n ,  however i f  th e  s t im u lu s  was d i r e c t e d  w i t h i n  
l a t e r a l  r e g i o n s  of  t h e  r e t i c u l a r  fo rm a t io n  then  the  
o p p o s i t e  p a t t e r n  of  i p s i l a t e r a l  e x te n s io n  and c o n t r a l a t e r a l  
f l e x i o n  r e s u l t e d .  Widespread r e g io n s  of  th e  r e t i c u l a r  
f o r m a t i o n  t h e r e f o r e  appear  to  be a b le  to  i n f l u e n c e  l imb 
p o s t u r e ,  and as  t h e s e  e f f e c t s  a r e  p red o m ina te ly  r e c i p r o c a l  
be tw een  e x t e n s o r  and f l e x o r  th e  p o s s i b i l i t y  of a 
r e t i c u l o s p i n a l  c o n t r i b u t i o n  to  l a b y r i n t h  r e f l e x e s  i n  f l e x o r  
m u sc le s  can n o t  be e x c lu d ed .
Lund and Pompeiano (1968) r e p o r t e d  t h a t  e x te n s o r  
and f l e x o r  motoneurones  in  some h ind l im b musc les  r e c e i v e d  
m o n o sy n a p t ic  EPSP's upon s t i m u l a t i o n  of th e  b r a i n  stem. The 
e x c i t a t o r y  i n f l u e n c e s  on e x te n so r  motoneurones were 
r e c o g n i s e d  to  be m ed ia ted  by v e s t i b u l o s p i n a l  sys tem s ,  w h i le  
t h e  a c t i o n  on f l e x o r  motoneurones r e s u l t e d  from e l e c t r i c a l  
s t i m u l a t i o n  o u tw i th  v e s t i b u l a r  a r e a s  of  th e  b r a i n  stem. 
G r i l l n e r  and Lund (1968) in  examining t h i s  e x c i t a t o r y  
d e s c e n d in g  pathway to  f l e x o r  motoneurones d i s c o v e r e d  t h a t  
m on o sy n ap t ic  descen d ing  e f f e c t s  to  knee and a n k le  f l e x o r  
m otoneurones  cou ld  be a t t r i b u t e d  to  f i b r e s  descend ing  i n  
t h e  m ed ia l  l o n g i t u d i n a l  f a s i c u l u s .  G r i l l n e r  and Lund
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(1968) , on a n a to m ic a l  e v idence ,  su g g e s te d  t h a t  t h e s e  f i b r e s  
p r o b a b l y  o r i g i n a t e d  i n  t h e  lower p o n t in e  r e t i c u l a r  
f o r m a t i o n .  The e x c i t a t o r y  a c t i o n  onto  f l e x o r s  r e f l e c t s  a 
r e c i p r o c a l  o r g a n i s a t i o n  when compared to  th e  a c t i o n  evoked 
by s t i m u l a t i n g  D e i t e r s '  n u c le u s .  S t i m u la t i o n  of  th e  media l  
l o n g i t u d i n a l  f a s i c u l u s  a l s o  evokes i n h i b i t i o n  of h ind l im b  
knee e x t e n s o r s .  On t h i s  b a s i s  G r i l l n e r ,  Hongo & Lund (1968) 
s u g g e s t e d  t h a t  th e  v e s t i b u l o - s p i n a l  t r a c t  and the  
r e t i c u l o s p i n a l  system a re  f u n c t i o n a l l y  coup led  in  t h e  
c o n t r o l  of  h in d l im b  m otoneurones .  S i m i l a r l y ,  Wilson and 
Y osh ida  (1969) and P e t e r s o n ,  P i t t s  & Fukushima (1976) have 
r e p o r t e d ,  f o r  th e  f o r e l i m b ,  t h a t  r e t i c u l o s p i n a l  s t i m u l a t i o n  
r e s u l t s  i n  e x t e n s i v e  d i r e c t  e x c i t a t i o n  of elbow f l e x o r s ,  
b u t  no t  o f  elbow e x t e n s o r s .  W ith in  th e  r e t i c u l a r  fo rm a t io n  
t h e  e f f e c t i v e  s i t e s  f o r  evoking monosynaptic  a c t i o n s  to  
f o r e l i m b  and h in d l im b  motoneurones correspond  t o  th e  s i t e s  
o f  o r i g i n  of  m edia l  r e t i c u l o s p i n a l  t r a c t  f i b r e s ,  w h i l e  
s t i m u l a t i o n  o f  r e g i o n s  g iv in g  r i s e  to  the  l a t e r a l  
r e t i c u l o s p i n a l  t r a c t  do not  produce s h o r t  l a t e n c y  
e x c i t a t o r y  p o t e n t i a l s  in  l imb motoneurones (P e te r so n  e t  
a l . ,  1 9 7 6 ) .  I t  would t h e r e f o r e  appear  t h a t  c e l l s  l o c a t e d  in  
t h e  m ed ia l  p o n t in e  r e t i c u l a r  fo rm a t io n  a re  c ap a b le  of 
p r o v i d i n g  f a c i l i t a t i o n  of elbow f l e x o r s .
T h e r e f o r e ,  th e  r e t i c u l o s p i n a l  system i s  c a p a b le  of 
p r o v i d i n g  an e x c i t a t o r y  in p u t  to  limb f l e x o r  motoneurones ,  
and t h e r e  i s  a l s o  ev idence  t h a t  t h i s  system i s  r e c i p r o c a l l y  
o r g a n i s e d  w i th  r e s p e c t  to  t h e  v e s t i b u l o s p i n a l  system 
( G r i l l n e r  e t  a l . , 1968; Wilson and Yoshida, 1969) .  I f  the  
r e t i c u l o s p i n a l  system i s  to  p a r t i c i p a t e  in  l a b y r i n t h
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r e f l e x e s  w i t h i n  f o r e l im b  f l e x o r s  i t  i s  e s s e n t i a l  t h a t  a 
p o p u l a t i o n  of  neu rones  p r o j e c t i n g  t o  f l e x o r s  r e c e i v e s  
l a b y r i n t h i n e  i n p u t .  Manzoni e t  a l . ,  (1983) obse rv ed  c e l l s  
r e s p o n s i v e  to  n a t u r a l  l a b y r i n t h i n e  s t i m u l a t i o n  which a re  
l o c a t e d  m ain ly  w i t h i n  medial  p o r t i o n s  of th e  r e t i c u l a r  
f o r m a t i o n ,  and t h e r e f o r e  may be c o n s id e r e d  as a p p r o p r i a t e  
t o  m e d ia t e  th e  l a b y r i n t h  r e f l e x  to  f l e x o r  m u sc le s ,  ( though 
t h e  e x a c t  p r o j e c t i o n  of  th e s e  c e l l s  i s  unknown). Working 
w i th  t h e  h y p o t h e s i s  t h a t  th e s e  c e l l s  do a c t  in  g e n e r a t i n g  
l a b y r i n t h  r e f l e x e s  i n  f l e x o r  motoneurones th e  predominance 
o f  ' b e t a  t y p e '  u n i t s  ( i n c r e a s e d  f i r i n g  w i th  s id e - u p  t i l t )  
would r e q u i r e  t h a t  t h e s e  c e l l s  a c t  i p s i l a t e r a l l y ; u n l ik e  
t h e  b e t a  c e l l s  l o c a t e d  w i t h i n  D e i t e r s '  nuc leus  t h a t  a re  
t h o u g h t  t o  a c t  on t h e  c o n t r a l a t e r a l  e x t e n s o r s .  Although 
c o n s i s t e n t  w i th  an a to m ic a l  knowledge of r e t i c u l o s p i n a l  
sy s te m s  ( f o r  rev iew  see  Wilson and P e t e r s o n ,  1981) , an 
i p s i l a t e r a l l y  d e sc e n d in g  pathway to  f l e x o r  motoneurones 
must  be a b l e  to  o p e r a t e  w i t h in  th e  known framework of 
l a b y r i n t h  r e f l e x e s .  For t h i s  reason  i t  i s  n e c e s s a r y  t h a t  
t i l t  s e n s i t i v e  c e l l s  w i t h i n  the  r e t i c u l a r  fo rm a t ion  r e c e i v e  
t h e i r  i n p u t  from th e  c o n t r a l a t e r a l  l a b y r i n t h  (as p roposed  
by Manzoni e t  a l . ,  1983, though fo r  d i f f e r e n t  r e a s o n s ) .  In 
t h i s  way th e  p a t t e r n  of l a b y r i n t h  r e f l e x e s  in  th e  f l e x o r s  
o f  t h e  a c u t e  h e m i la b y r in th e c to m iz e d  c a t s  can be e x p la in e d .  
The i n t a c t  l a b y r i n t h  w i l l  p rov ide  the  normal in p u t  to  t h e  
r e t i c u l a r  f o rm a t io n  on th e  s id e  of th e  l e s i o n  and so evoke 
a normal r e f l e x  i n  th e  f l e x o r  of t h a t  s i d e .  A r e v e r s a l  of 
t h e  r e f l e x  on t h e  o p p o s i t e  s id e  r e q u i r e s  an i p s i l a t e r a l  
p r o j e c t i o n  from th e  l a b y r i n t h  to th e  r e t i c u l a r  fo rm a t io n  in
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p a r a l l e l  w i th  t h a t  to  th e  c o n t r a l a t e r a l  s i d e .  The 
i p s i l a t e r a l  a c t i o n  i n  th e  normal animal w i th  i n t a c t  
l a b y r i n t h s  would be dominated by the  c o n t r a l a t e r a l  
l a b y r i n t h i n e  i n p u t .  The accompaning f i g u r e s  summarise t h i s  
h y p o t h e t i c a l  o r g a n i s a t i o n  of l a b y r i n t h  a c t i o n s  on to  th e  
f l e x o r s  o f  th e  f o r e l i m b s .  F ig .  102 i l l u s t r a t e s  t h e  proposed  
i p s i l a t e r a l  and c o n t r a l a t e r a l  pathways to  f l e x o r  
m o ton eu ron es  from t h e  o t o l i t h  and r e l a y i n g  th ro u g h  th e  
v e s t i b u l a r  n u c l e i  and r e t i c u l a r  fo rm a t io n .  T h is  f i g u r e  
d e p i c t s  t h e  s i t u a t i o n  one would f i n d  in  an a c u te  
h e m i l a b y r i n t h e c t o m i s e d  c a t  where l a b y r i n t h  r e f l e x e s  a r e  
s y m m e t r i c a l l y  o r g a n i z e d .  A d d i t i o n a l l y ,  g iven  t h a t  in  t h e  
a c u t e  p r e p a r a t i o n  r e f l e x e s  on th e  s id e  of th e  l e s i o n  appear  
n o rm a l ,  t h e n  t h e  r e l a y  to  th e  c o n t r a l a t e r a l  r e t i c u l a r  
f o r m a t i o n  from th e  rem ain ing  l a b y r i n t h  must be v i a  c e l l s  i n  
t h e  l a t e r a l  v e s t i b u l a r  nuc leus  t h a t  i n c r e a s e  t h e i r  
d i s c h a r g e  w i th  s ide-down t i l t s  (a lpha  c e l l s ) . In t h e  i n t a c t  
c a t  w i th  two f u n c t i o n i n g  l a b y r i n t h s  th e  i p s i l a t e r a l  
pa thw ays  a r e  ' s u p p r e s s e d '  and th e  c o n t r a l a t e r a l  pathways 
p r o v i d e  t h e  l a b y r i n t h i n e  in p u t  to  th e  f l e x o r  motoneurones 
( see  F i g .  1 0 3 ) .
The l a b y r i n t h  a c t i o n s  on fo re l im b  f l e x o r s  may be 
th o u g h t  to  r e s u l t  from both  i n d i r e c t  ( the  r e s u l t  of 
m o d u la t io n  o f  i n h i b i t o r y  s p i n a l  mechanisms by 
v e s t i b u l o s p i n a l  sys tem s)  and from d i r e c t  pathways (v ia  
r e t i c u l o s p i n a l  f a c i l i t a t i o n  of f l e x o r  m otoneurones ) .  The 
two sys tem s  a c t  to  compliment each o th e r  in  g e n e r a t i n g  
a sym m etr ic  and r e c i p r o c a l l y  o rg a n is e d  l a b y r i n t h  r e f l e x e s .








F i g u r e  102.  Proposed e x c i t a t o r y  pathways from the  o t o l i t h  
t o  f l e x o r  motoneurones r e l a y in g  v i a  the  l a t e r a l  v e s t i b u l a r  
n u c l e u s  (LVN) and th e  r e t i c u l a r  fo rm a t io n .  The pathways 
d e p i c t e d  i n  t h i s  f i g u r e  a re  proposed i n  r e l a t i o n  to  the  
r e s u l t s  from a c u te  h e m i lab y r in th e c to m iz e d  c a t s  and
i l l u s t r a t e  how symmetr ica l  r e f l e x e s  i n  th e  f l e x o r s  from 
o p p o s i t e  s i d e s  can be g e n e ra te d .
(See t e x t  f o r  d e s c r i p t i o n  of th ese  p a th w a y s ) .
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F i g u r e  103.  The proposed  e x c i t a t o r y  pathway to  f l e x o r  
m otoneurones  r e s p o n s i b l e  fo r  th e  appea rance  of normal 
l a b y r i n t h  r e f l e x e s  in  t h e s e  musc les .  As w i th  the  p a t t e r n  
o f  e x t e n s o r  l a b y r i n t h  r e f l e x e s  in  a c u te  
h e m i l a b y r i n th e c t o m iz e d  p r e p a r a t i o n s  th e  l a b y r i n t h  r e f l e x  
i n  t h e  f l e x o r  c o n t r a l a t e r a l  to  th e  i n t a c t  l a b y r i n t h  
a p p e a r s  no rm al .  This  r e q u i r e s  t h a t  in  th e  i n t a c t  animal 
t h e  p ro p o se d  c ro s s e d  pathway to f l e x o r  motoneurones i s  th e  
dominant  pathway in  g e n e r a t i n g  l a b y r i n t h  r e f l e x e s  in  th e  
f l e x o r s .  I t  f o l lo w s  from t h i s  p ro po sa l  t h a t  the  r e t i c u l a r  
c e l l s  t h a t  p r o j e c t  to  the  elbow f l e x o r s  show an i n c r e a s e d  
d i s c h a r g e  on s id e - u p  t i l t s ,  which in  t u r n  r e q u i r e s  t h a t  
t h e  i n p u t  to  th e s e  neurones from the  c o n t r a l a t e r a l  l a t e r a l  
n u c le u s  (LVN) i s  m ed ia ted  by secondary  
neurones  t h a t  show a lp h a  d i s c h a r g e  
c h a r a c t e r i s t i c s  ( i . e .  i n c r e a s e d  o u tp u t  d u r in g  s ide-down 
t i l t s )  . In  t h i s  way normal f l e x o r  l a b y r i n t h  r e f l e x e s  can 
be e x p r e s s e d  d u r in g  head t i l t s .
v e s t i b u l a r
v e s t i b u l a r
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e x t e n s o r  and f l e x o r )  i s  summarised i n  F ig .  104. T h is  way of 
u t i l i z i n g  a v a i l a b l e  pathways to  e x t e n s o r s  and f l e x o r s  i s  
o n ly  one p o s s i b l e  way in  which th e  l a b y r i n t h  may evoke 
r e f l e x  a c t i o n s  on to  l imb motoneurones .  Although h ig h ly  
s p e c u l a t i v e ,  t h e  p r o p o s a l s  made above i n d i c a t e  p o s s i b l e  new 
av en u e s  o f  r e s e a r c h  i n t o  th e  pathways m ed ia t in g  th e  t o n i c  
l a b y r i n t h  r e f l e x .
4-.1 .Q Limb, somato se n so ry  i n t e r a c t i o n  w i th  l a b y r i n t h  and 
Jieck r e f l e x  a c t i o n s .
L a b y r i n th  and neck r e f l e x e s ,  a s  d i s c u s s e d
p r e v i o u s l y ,  a r e  b e l i e v e d  to  i n t e r a c t  in  such a way t h a t
p o s t u r a l  s t a b i l i t y  i s  no t  t h r e a t e n e d  d u r in g  v o l u n t a r y  head 
movements, and to  p ro v id e  a p p r o p r i a t e  compensatory r e f l e x  
a c t i o n s  t o  s t a b i l i s e  p o s t u r e  d u r in g  changes in  a t t i t u d e  of 
s u p p o r t  s u r f a c e s  (R ober ts  1978). As t h i s  model of p o s t u r a l  
c o n t r o l  r e l i e s  on th e  a c t i o n  of th e  l a b y r i n t h s  and neck 
p r o p r i o c e p t o r s  on l imb musc les  i t  would seem re a s o n a b le  to  
e x p e c t  t h a t  l imb a t t i t u d e  i t s e l f  would be an im p o r tan t  
r e g u l a t o r y  f a c t o r  in  t h i s  scheme.
In d e e d ,  th e  r e s u l t s  of  exper im ents  in  t h i s  t h e s i s
have  shown t h a t  changes i n  limb p o s t i o n  can modify t h e
c o n d i t i o n i n g  i n f l u e n c e  of th e  l a b y r i n t h  and neck on th e  
e x c i t a b i l t y  of  c ro s s e d  e x te n so r  and f l e x o r  w ithdraw al  
r e f l e x e s .  For example ,  a l t e r i n g  th e  p o s i t i o n  of th e  limb 
a f f e c t s  t h e  l a b y r i n t h  and neck m odula t ion  of r e f l e x  
e x c i t a b i l i t y  such t h a t  when th e  limb i s  ex tended f l e x o r  
r e f l e x  e x c i t a b i l i t y  i s  g r e a t e s t ,  w h i le  with  the  limb i n
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f l e x i o n ,  e x t e n s o r  r e f l e x  e x c i t a b i l i t y  i s  g r e a t e s t  (see  F ig s  
69 & 70) . R e f le x  e x c i t a b i l i t y  i s  t h e r e f o r e  seen  from t h e s e  
e x p e r i m e n t s  t o  be a f u n c t i o n  of  head, neck and elbow 
p o s i t i o n .  The som atosenso ry  in p u t  from limb p r o p r i o c e p t o r s  
i n t e r a c t i n g  w i t h  t h e  descend ing  l a b y r i n t h  and neck s i g n a l s  
t o  c o n t r o l  r e f l e x  o u t p u t .
Changes i n  l im b p o s i t i o n  as  c a r r i e d  o u t  i n  t h i s  
s t u d y  a r e  r e s t r i c t e d  to  a l t e r a t i o n s  i n  elbow j o i n t  a n g le  
a b o u t  i t s  n a t u r a l  a x i s  of  r o t a t i o n .  A l t e r a t i o n s  in  t h e  
p o s i t i o n  o f  t h e  elbow w i l l  r e s u l t  in  a change i n  t h e  
d i s c h a r g e  of  s lo w ly  a d a p t in g  m echan o recep to rs  l o c a t e d  
w i t h i n  t h e  elbow j o i n t  c a p s u le ,  and w i l l  a l s o  l e a d  t o  a 
v a r i a t i o n  i n  t h e  l e n g t h  of  muscles  t h a t  span t h i s  j o i n t .  I t  
i s  t h e r e f o r e  p o s s i b l e  t h a t  any change in  r e f l e x  
e x c i t a b i l i t y  r e s u l t i n g  form a change in  elbow p o s i t i o n  may 
r e s u l t  from a m o d i f i c a t i o n  o f  e i t h e r  elbow j o i n t  a f f e r e n t  
o r  m u sc le  a f f e r e n t  d i s c h a r g e .
L i d d e l l  and S h e r r i n g to n  (1925) in  an i n v e s t i g a t i o n  
o f  t o n i c  s t r e t c h  r e f l e x e s  r e p o r t e d  t h a t  th e  s t r e n g t h  of  t h e  
r e f l e x  i n  q u a d ra c e p s  f e m o r i s  v a r i e d  w i th  head p o s i t i o n .  
A l though  t h i s  s tu d y  d i d  no t  i n v e s t i g a t e  l a b y r i n t h  and neck 
c o n t r i b u t i o n s  i n d e p e n d e n t ly ,  t h e  r e s u l t  su g g e s t s  t h a t  
m u sc le  a f f e r e n t s  ( in v o lv e d  i n  s t r e t c h  r e f l e x e s )  and 
d e s c e n d in g  p r o p r i o c e p t i v e  i n p u t  i n t e r a c t  in  t h e  c o n t r o l  of 
l im b  r e f l e x  o u t p u t .  F u r th e r  s u p p o r t  f o r  t h i s  view was 
g a in e d  from th e  r e s u l t s  of o t h e r s  (Denny—Brown, 1929; Kim 
and P a r t r i d g e ,  1969; K o e l la  e t  a l . ,  1956; R o b e r t s ,  1963; 
R osen b e rg ,  L indsay  & Logan, 1980) who dem o n s t ra te d  t h a t  
t o n i c  s t r e t c h  and v i b r a t i o n  r e f l e x e s  could  be i n f lu e n c e d  by
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i n d e p e n d e n t  n a t u r a l  l a b y r i n t h i n e  or neck s t i m u l a t i o n .  I t  
may be co n c lu d ed  from th e s e  s t u d i e s  t h a t ,  as changes in  
elbow j o i n t  a n g le  impose l e n g th  changes on th e  muscles  
a ro u n d  t h e  elbow, t h i s  would r e s u l t  in  a p r o p r i c e p t i v e  
i n p u t  c a p a b l e  of m odu la t ing  t h e  c o n d i t i o n in g  i n f l u e n c e s  
f rom t h e  l a b y r i n t h i n e  and neck.
I n t r a - a r t i c u l a r  i n j e c t i o n  of  l o c a l  a n a e s t h e t i c  i s  
r e c o g n i s e d  as  an e f f e c t i v e  means of s e l e c t i v e l y  s i l e n c i n g  
j o i n t  a f f e r e n t  m ed ia te d  d i s c h a r g e  (Baxendale and F e r r e l l ,  
1981,  1982 ,  1 9 8 3 ) ,  b u t  should  no t  a f f e c t  o th e r  nearby 
s t r u c t u r e s  ( F e r r e l l ,  Baxendale ,  Carnachan & H a r t ,  1985) ,  
and t h e r e f o r e  w i l l  no t  i n f l u e n c e  muscle  a f f e r e n t  d i s c h a r g e .  
I n t e r e s t i n g l y ,  m od u la t io n  of r e f l e x  e x c i t a b i l i t y  w i th  
a l t e r a t i o n s  in  elbow p o s i t i o n  i s  l o s t  fo l lo w in g  
i n t r a - a r t i c u l a r  i n j e c t i o n  of a n a e s t h e s i a .  This  r e s u l t  
i m p l i e s  t h a t  th e  m od u la t io n  of  r e f l e x  e x c i t a b i l i t y  from t h e  
l im b  i s  i n d e p e n d e n t  of muscle  a f f e r e n t s .  D e sp i te  p r e v io u s  
s t u d i e s  d e m o n s t r a t i n g  convergence  between muscle  a f f e r e n t s  
and d e s c e n d in g  l a b y r i n t h  or neck a f f e r e n c e s  by muscle  
s t r e t c h i n g  (Denny-Brown, 1929; Kim and P a r t r i d g e ,  1969; 
K o e l l a  e t  a l . ,  1956; L i d d e l l  and S h e r r in g to n ,  1925;
Rosenberg  e t  a l . ,  1980; R o b e r t s ,  1963) ,  and by monosynaptic  
r e f l e x  t e s t i n g  (Wenzel and Thoden, 1977; Wenzel, Thoden & 
F ra n k ,  197 8) no such convergence  i s  r e v e a l e d  in  th e  p r e s e n t  
e x p e r i m e n t s  f o l lo w in g  j o i n t  a n a e s t h e s i a .  I t  would t h e r e f o r e  
a p p e a r  t h a t  t h e r e  i s  no ev idence  to  su gg es t  t h a t  l a b y r i n t h  
and neck c o n d i t i o n i n g  i n f l u e n c e s  a re  a l t e r e d  by changes in  
m usc le  l e n g t h .  In t h i s  s tudy  movements of the  l imb about  
t h e  elbow in v lo v e  l e n g t h  changes in  a n t a g o n i s t  muscle
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g r o u p s  w hereas  i n  p r e v i o u s  s t u d i e s  l e n g t h  changes were 
r e s t r i c t e d  t o  s i n g l e  t en o to m ised  m usc les .  The more n a t u r a l  
movements employed i n  t h i s  s tudy may t h e r e f o r e  e x p la in  why 
no a p p a r e n t  c o n t r i b u t i o n  from muscle  r e c e p t o r s  was 
o b s e r v e d .  The r e s u l t s  p r e s e n t e d  in  t h i s  t h e s i s  su g g e s t  t h a t  
t h e  e f f e c t s  r e s u l t i n g  from changing elbow p o s i t i o n  a re  
a t t r i b u t a b l e  to  t h e  a c t i v i t y  in  a r t i c u l a r  m echanorecep to rs  
and n o t  to  m usc le  a f f e r e n t  a c t i v i t y .
One may assume t h a t  the  m odula t ion  of  r e f l e x  
e x c i t a b i l i t y  i s  due to  t h e  i n t e r a c t i o n  of  l a b y r i n t h ,  neck 
and elbow j o i n t  a f f e r e n t s .  However, t h e  s i t e s  or l o c a t i o n s  
o f  t h i s  i n t e r a c t i o n  remain unknown. Although no i n d i c a t i o n  
o f  t h e  l o c a t i o n  o f  t h i s  i n t e r a c t i o n  can be made from th e  
p r e s e n t  e x p e r i m e n t s ,  s e v e r a l  p o s s i b l e  s i t e s  can be 
i d e n t i f i e d  on t h e  b a s i s  of  o th e r  s t u d i e s .  One p o s s i b l e  s i t e  
o f  i n t e r a c t i o n  i s  t h e  v e s t i b u l a r  n u c le a r  complex. C e l l s  
w i t h i n  t h i s  r e g i o n  have been dem ons tra ted  to  r e c e i v e  a 
so m a to s e n s o ry  i n p u t  which c l o s e l y  co r re sp o n d s  w i th  th e  
b e h a v io u r  of s lo w ly  a d a p t in g  j o i n t  r e c e p t o r s  (F re d r ic k so n  
e t  a l . ,  1966; Rubin e t  a l . ,  1977) .  These u n i t s ,  a l th o u g h  
r e s p o n s i v e  to  l im b p o s i t i o n ,  never  d i s p l a y e d  a response  to  
c u ta n e o u s  s t i m u l a t i o n  or muscle  p r e s s u r e  (F re d r ic k so n  e t  
a l . ,  1 9 6 6 ) .  Rubin e t  a l .  (1977) obse rved  t h a t  th e  m a j o r i t y  
o f  t h e s e  ' j o i n t  m o d u la ted '  u n i t s  were found w i t h i n  th e  
l a t e r a l  v e s t i b u l a r  n u c le u s ,  which i s  rec o g n ise d  to  be an 
i m p o r t a n t  s i t e  f o r  t h e  i n t e g r a t i o n  of  l a b y r i n t h i n e  and neck 
p r o p r i o c e p t i v e  i n p u t s  (Boyle and Pompeiano, 1980, 1981;
B r in k  e t  al., 1980; Mergner,  Anastasopoulos, Becker &
Deecke,  1981) . I t  i s  t h e r e f o r e  p o s s i b l e  t h a t  r e g u l a t i o n  of
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d e s c e n d i n g  v e s t i b u l a r  and neck c o n d i t i o n i n g  i n f l u e n c e s  to  
l im b  m o ton eu ro n es  can occur  w i t h in  th e  v e s t i b u l a r  n u c le a r  
complex .  I t  i s  a l s o  p o s s i b l e  t h a t  th e  i n t e r a c t i o n  between 
l a b y r i n t h ,  neck and j o i n t  p r o p r i o c e p t i v e  i n p u t s  occur  a t  
t h e  s p i n a l  l e v e l  e i t h e r  by convergence  onto a common 
i n t e r n e u r o n e  or upon th e  motoneurones th em se lv e s .  J o i n t  
a f f e r e n t  p r o j e c t i o n s  to  motoneurones may s e t  th e  
e x c i t a b i l i t y  o f  a s p e c i e s  of  motor c e l l s  which then  r e c e i v e  
f a c i l i t a t i o n  or i n h i b i t i o n  from descend ing  l a b y r i n t h  a n d /o r  
neck i n p u t s ,  o r  s i m i l a r l y  covergence  may occur b e fo r e  the  
m o toneurone  on to  i n t e r n e u r o n e s  t h a t  a re  known to  r e c i e v e  
v e s t i b u l a r  and neck a f f e r e n t s  (Wilson e t  a l . ,  1984) .
A l though  th e  s i t e  of i n t e r a c t i o n  between th e  
s e p a r a t e  a f f e r e n t  sys tem s  i s  no t  y e t  c l e a r ,  a f u n c t i o n a l  
r o l e  f o r  t h i s  convergence  of j o i n t  m echanorecep to rs  w i th  
l a b y r i n t h  and neck r e f l e x  sys tems can be i n c o r p o r a t e d  
e a s i l y  i n t o  one model of p o s t u r a l  c o n t r o l .  The j o i n t  
a f f e r e n t s  p r o v i d e  t h e  som atosensory  in fo rm a t io n  r e q u i r e d  by 
t h e  c e n t r a l  ne rv o us  sys tem to  a l low th e  development of 
l a b y r i n t h  and neck r e f l e x e s  a p p r o p r i a t e  fo r  p o s t u r a l  
s t a b i l i s a t i o n  a t  any p a r t i c u l a r  combina t ions  of limb 
p o s i t i o n s .  The r e g u l a t i o n  or pe rhaps  "ga in  c o n t r o l "  over  
l a b y r i n t h  and neck r e f l e x  e x p re s s io n  in  f l e x o r s  and 
e x t e n s o r s  o c c u r s  i n d e p e n d e n t ly  of muscle  r e c e p t o r  
d i s c h a r g e .  We assume t h e r e f o r e  t h a t  j o i n t  a f f e r e n t  
d i s c h a r g e  can r e g u l a t e  th e  r e f l e x  o u tp u t  of l a b y r i n t h  and 
neck r e f l e x  sys tem s to  e n su re  t h a t  du r ing  a t h r e a t  to  
s t a b i l i t y  compensa to ry  r e f l e x e s  a re  not  s t e r e o t y p e d  bu t  a r e  
a d j u s t e d  to  be c o r r e c t  f o r  th e  a t t i t u d e  of th e  an im al .
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4 . 5 . 0  Com pensat ion  t o  h e m i l a b y r i n th e c t o m y .
Under normal c i r c u m s t a n c e s  g iv e n  s u f f i c e n t  t im e  t h e  
p o s t u r a l  d e f i c i e n c i e s  r e s u l t i n g  from u n i l a t e r a l  
l a b y r i n t h e c t o m y  a r e  a d e q u a t l y  compensa ted  f o r .  E a r ly  
s t u d i e s  on mammalian v e s t i b u l a r  p h y s io lo g y  r e c o g n i z e d  t h e  
p r e s e n c e  of  a co m pensa to ry  mechanism (see  Camis,  1930; 
S c h a e f e r  and Meyer, 1974) . N e v e r t h e l e s s ,  t h e r e  has  been 
l i t t l e  a t t e m p t  to  s t u d y  t h e  form of  l a b y r i n t h  and neck 
r e f l e x e s  i n  a n im a l s  s u b s e q u e n t  to  h e m i l a b y r i n th e c t o m y .  
L in d say  and R osenberg  (1978) however ,  d e m o n s t r a t e d  t h a t  t h e  
form of  t h e  l a b y r i n t h  r e f l e x  i n  f o r e l i m b  e x t e n s o r s  e i g h t  
weeks a f t e r  u n i l a t e r a l  l a b y r i n t h e c t o m y  was i d e n t i c a l  t o  
t h a t  d e s c r i b e d  f o r  e x t e n s o r  m u sc le s  i n  c a t s  w i th  i n t a c t  
l a b y r i n t h s .  Rosenberg  ( u n p u b l i s h e d  o b s e r v a t i o n )  showed t h a t  
t h e  p r o g r e s s  o f  t h e  r e - e s t a b l i s h m e n t  o f  t h e  normal form of 
t h e  e x t e n s o r  r e f l e x  i n v o l v e s  a p l a s t i c  and a d a p t i v e  change 
i n  t h e  m u sc u la r  r e s p o n s e  to  head  t i l t  i n  t h e  l im b e x t e n s o r  
on t h e  s i d e  of  t h e  r e m a in in g  l a b y r i n t h .  One a s p e c t  of  
p o s t u r a l  c o m p e n sa t io n  was t h e r e f o r e  r e c o g n i s e d  a s  t h e  
r e t u r n  t o  normal of t h e  l a b y r i n t h  r e f l e x  i n  t h e  l imb 
c o n t r a l a t e r a l  to  t h e  damaged l a b y r i n t h .  T h is  
r e - e s t a b l i s h m e n t  of  normal  head p o s i t i o n a l  r e f l e x e s  a p p e a r s  
t o  p r o v i d e  t h e  n e s c e s s a r y  s u b s t r a t e  f o r  t h e  o p e r a t i o n  of  a 
s t a b i l i z i n g  r e f l e x  i n t e r a c t i o n  w i th  neck p o s i t i o n a l  
r e f l e x e s .  However, i f  one t a k e s  i n t o  c o n s i d e r a t i o n  t h e  
p a r t i c i p a t i o n  of  f l e x o r  m usc le s  i n  l a b y r i n t h  r e f l e x e s  in  
t h e s e  a n im a l s  e x h i b i t i n g  a r e c o v e r y  of  e x t e n s o r  l a b y r i n t h
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r e f l e x e s ,  t h e n  an e n t i r e l y  d i f f e r e n t  scheme fo r  p r o v id in g  
p o s t u r a l  s t a b i l i t y  in  t h e  compensated c a t  must be p roposed .
The new scheme of p o s i t i o n a l  r e f l e x e s  in  th e  
co m p en sa ted  c a t  i s  d e t a i l e d  in  t a b l e  VI, where comparisons 
can be made between l a b y r i n t h  and neck r e f l e x  o r g a n i s a t i o n  
i n  n o rm a l ,  a c u t e  and compensated c a t s .  The most s t r i k i n g  
d i f f e r e n c e  between th e  o r g a n i s a t i o n  of  r e f l e x e s  in  normal 
and com pensa ted  a n im a l s  i s  t h e  appearence  in  th e  
com pensa ted  s t a t e  of  p a r a l l e l  a c t i v i t y  changes in  t h e  l e f t  
e x t e n s o r  and f l e x o r  m ucs les  ( i p s i l a t e r a l  to  th e  i n i t i a l  
l e s i o n )  . T h i s  b e h a v io u r  r e s u l t s  from a r e v e r s a l  in  t h e  
b e h a v i o u r  of  t h e  l e f t  f l e x o r  to  head and neck r o t a t i o n s  
d u r i n g  t h e  p e r i o d  o f  com pensa t ion .  The behaviour  of o th e r  
m usc le  g ro u p s  i n  t h e  compensated animal  show i d e n t i c a l  
l a b y r i n t h  and neck r e f l e x e s  to  th o se  recorded  in  normal 
a n i m a l s .  For example ,  t h e  d i r e c t i o n  of l a b y r i n t h  r e f l e x e s  
seen  i n  t h e  r i g h t  e x t e n s o r  and f l e x o r  of acu te  
h e m i l a b y r i n t h e c t o m i z e d  an im a ls  r e t u r n  once more to  a normal 
form. Thus i n  t h e  compensated c a t  th e  r e f l e x  o r g a n i s a t i o n  
t o  a l l  m usc le  g ro u p s ,  e x ce p t  th e  l e f t  e x t e n s o r ,  i s  a l t e r e d  
by t h e  com pensa to ry  mechanism. The l e f t  e x te n so r  muscle  
g roup  i s  t h e  on ly  group  to  show no a l t e r a t i o n  in  th e  
d i r e c t i o n  o f  l a b y r i n t h  and neck r e f l e x e s  in  normal , a c u te  
and compensa ted  a n im a l s .
The com pensa tory  p r o c e s s  t h e r e f o r e  o p e ra t e s  to  
r e - e s t a b l i s h  normal  l a b y r i n t h / n e c k  r e l a t i o n s  in  th e  r i g h t  
l im b ,  and r e s t o r e  th e  normal r e f l e x  antagonism between 
t h e s e  two sy s te m s .  (The d i s r u p t e d  l a b y r i n t h  and neck r e f l e x  
i n t e r a c t i o n s  seen  i n  th e  r i g h t  limb of  a cu te  an im als  a r e  no
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l o n g e r  o b s e r v e d ) . In  t h e  l e f t  l im b (which in  t h e  a c u te  
an im a l  shows normal  l a b y r i n t h  and neck r e f l e x  i n t e r a c t i o n s )  
t h e  co m pensa to ry  p r o c e s s  a c t s  t o  e s t a b l i s h  a r e v e r s e d  
l a b y r i n t h  and neck r e f l e x  i n  t h e  f l e x o r .  The r e f l e x  
r e v e r s a l  o f  b o th  l a b y r i n t h  and neck r e f l e x e s  i n  t h e  l e f t  
f l e x o r  p r o v i d e s  a s t r a t e g y  which p r e s e r v e s  t h e  a n tago n ism  
be tw een  l a b y r i n t h  and neck a c t i o n s .
I f  c o m p en sa to ry  mechanisms a r e  r e l a t e d  t o  r e g a i n i n g  
p o s t u r a l  c o n t r o l ,  can t h e  r e f l e x  sys tem  d e s c r i b e d  above 
a c h i e v e  t h i s ?  By c o n s i d e r i n g  t h e  e x t e n s o r s  of  t h e  l e f t  and 
r i g h t  s i d e s ,  t h e  l a b y r i n t h  and neck r e f l e x e s  a r e  th e  same 
a s  t h o s e  o b s e r v e d  i n  t h e  normal  a n im a l ,  and t h e i r  
i n t e r a c t i o n s  a r e  c o m p a t i b l e  w i th  t h e o r i e s  where  l a b y r i n t h  
and neck r e f l e x e s  a c t  t o  s t a b i l i s e  t h e  p o s i t i o n  of  t h e  
t r u n k  (L indsay  e t  a l . ,  1 9 7 6 ) .  R e g ard in g  t h e  r e l a t i o n s h i p  
be tw een  e x t e n s o r  and f l e x o r  i n  t h e  r i g h t  l imb t h e  
i n t e r a c t i o n s  be tw een  l a b y r i n t h  and neck a c t i o n s  a r e  a l s o  as  
d e s c r i b e d  i n  t h e  normal a n im a l .  However, t h e  normal 
s t r a t e g y  f o r  s t a b i l i z a t i o n  does n o t  ap p ea r  to  o p e r a t e  in  
t h e  r i g h t  l im b ,  where  e x t e n s o r  and f l e x o r  a c t  
s y n e r g i s t i c a l l y . One o f  t h e  symptoms o f  h e m i l a b y r in th e c to m y  
i s  a l o s s  o f  e x t e n s o r  to n e  on t h e  s i d e  of t h e  l e s i o n  and i t  
may be t h a t  t h e  r e v e r s a l  in  t h e  l a b y r i n t h  and neck r e f l e x  
i n  t h e  l e f t  f l e x o r  i s  d e s i g n e d  to  overcome t h i s  d e f i c i t .
The red u c ed  e x t e n s o r  to n e  on t h e  s i d e  of  t h e  l e s i o n  may 
r e s u l t  i n  l a b y r i n t h  or neck r e f l e x e s  i n  t h e  l e f t  e x t e n s o r  
b e in g  i n a d e q u a t e  to  g e n e r a t e  s u f f i c i e n t  e x t r a  ' t o n e '  t o  
p r o v i d e  e f f e c t i v e  com pensa to ry  r e f l e x e s .  By c o a c t i v a t i n g  
t h e  e x t e n s o r  and f l e x o r  t h i s  s i t u a t i o n  can be overcome.
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A c t i v i t y  g e n e r a t e d  w i t h i n  t h e  n o rm a l ly  a n t a g o n i s t  m u sc le s  
now a c t s  t o  e f f e c t i v e l y  i n c r e a s e  t h e  s t i f f n e s s  o f  t h e  l imb 
and t h e r e b y  p r o v i d e  an o u t p u t  t h a t  can e f f e c t i v e l y  
com pensa te  f o r  l a r g e r  l o a d s  t h a n  c o u ld  be a c c o m p l i sh e d  by 
t h e  e x t e n s o r  and f l e x o r  a c t i n g  i n  a s t r i c t l y  r e c i p r o c a l  
f a s h i o n .  P o s t u r a l  c o m p e n sa t io n  can t h e r e f o r e  be r e c o g n i s e d  
t o  a c t  n o t  on ly  to  r e - e s t a b l i s h  normal r e f l e x  i n t e r a c t i o n s  
w i t h i n  t h e  r i g h t  l im b ,  b u t  can a l s o  be seen  to  r e o r g a n i s e  
l a b y r i n t h  and neck r e f l e x e s  w i t h i n  t h e  l e f t  l im b t o  
overcome a d e f i c i e n c y  i n  e x t e n s o r  to n e  w i t h i n  t h i s  l im b .  In  
t h e  l im b  c o n t r a l a t e r a l  t o  t h e  o r i g i n a l  l e s i o n ,  l a b y r i n t h  
and neck r e f l e x e s  r e g u l a t e  t h e  d i s t r i b u t i o n  of  to n e  be tween  
a n t a g o n i s t  m usc le  g ro u p s  (as  i n  t h e  normal c a t ) , w h i l e  
i p s i l a t e r a l  t o  t h e  l e s i o n  t h e  s t i f f n e s s  o f  t h e  l imb i s  
r e g u l a t e d  by t h e  l e v e l  o f  c o a c t i v a t i o n  of  a n t a g o n i s t  m usc le  
g r o u p s .  The com pensa ted  a n im a l ,  d e s p i t e  t h e  p r e v i o u s  l o s s  
o f  one l a b y r i n t h ,  t h e r e f o r e ,  ha s  t h e  a b i l i t y  to  g e n e r a t e  
c o m p en sa to ry  l a b y r i n t h  and neck r e f l e x e s  which can o p e r a t e  
t o g e t h e r  to  p r o v i d e  e f f e c t i v e  t r u n k  s t a b i l i s a t i o n .
In  r e c e n t  models  o f  v e s t i b u l a r  co m p e n sa t io n ,  t h e  
com p en sa to ry  p r o c e s s  i s  b e l i e v e d  t o  i n v o l v e  t h e  r e s t o r a t i o n  
o f  symmetry be tw een  o p p o s i t e  v e s t i b u l a r  n u c l e i  by means of  
com m isura l  c o n n e c t i o n s  w i t h i n  t h e  b r a i n  stem and p o s s i b l y  
t h e  c e r e b e l lu m  ( G a l i a n a ,  F lo h r  & M e l v i l l  J o n e s ,  1984) . The 
a b s o l u t e  v a l u e s  o f  comm isura l  g a i n s  a r e  t h o u g h t  t o  a f f e c t  
t h e  r e s t i n g  l e v e l  o f  v e s t i b u l a r  n u c l e a r  a c t i v i t y  and 
c o m p e n sa t io n  r e s u l t s  from an im b a lance  in  t h e  g a i n  of  t h e s e  
comm isura l  p a th w ay s .  The s t r u c t u r e  of  t h i e r  model i s  b a sed  
on t h e  known commisura l  pa thw ays  between v e s t i b u l a r  n u c l e a r
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c e l l s  r e c i e v i n g  c a n a l  i n p u t ,  w h i le  the  o p e r a t i o n  of th e  
model r e l i e s  on e x p e r im e n ta l  o b s e r v a t i o n s  concern ing  
v e s t i b u l o - o c c u l a r  com pensa t ion ,  as  w e l l  as th e  recovery  of 
head  t i l t  f o l l o w i n g  h e m i lab y r in th e c to m y .  Without needing to  
g i v e  a l e n g t h y  d i s c u s s i o n  of  t h i s  model i t  i s  c l e a r ,  t h a t  
d e s p i t e  t h e  a u t h o r s  b e l i e f  in  th e  G a l ina  model as a 
mechanism of  p o s t u r a l  as w e l l  as o c u la r  compensation,  th e  
model c a n n o t  be used  to  e x p la in  th e  r e o r g a n i s a t i o n  of the  
p o s t u r a l  r e f l e x e s  t h a t  a r e  d e s c r ib e d  in  t h i s  t h e s i s .
I n d e e d ,  s i n c e  t h e  e v id e n ce  on which G al iana  e t  a l .  (1984) 
b a se  t h e i r  v iews on p o s t u r a l  compensation a r i e s  from the  
work o f  F l o h r ,  B ie n h o ld ,  Abeln and Mackovics (1981) on th e  
c o m p e n sa t io n  o f  head t i l t s  i n  f r o g s ,  i t  does not  seem 
a p p r o p r i a t e  to  a p p ly  t h i s  s i t u a t i o n  to  t h a t  seen in  c a t s .
In  my own e x p e r i e n c e  th e  head t i l t  in  c a t s  i s  one a sp e c t  of 
l a b y  r i n t h e c t o m y  t h a t  i s  no t  compensated fo r  - i n  one c a t  
head  t i l t  was a p p a r e n t  even e i g h t  months a f t e r  
h e m i l a b y r i n th e c t o m y  (an o b s e r v a t i o n  a l s o  made by Camis,
1931) . P o s t u r a l  com pensa t ion  as d e sc r ib e d  in  t h i s  t h e s i s  i s  
n o t  s im p ly  t h e  r e - e s t a b l i s h m e n t  of symmetry between 
o p p o s i t e  s i d e s  b u t  i n v o lv e s  a complex r e o r g a n i s a t i o n  of 
l a b y r i n t h  r e f l e x e s  to  both s i d e s ,  and a l s o  the  m o d i f i c a t io n  
o f  t h e  neck r e f l e x  t o  th e  s id e  of the  l e s i o n .  As l i t t l e  i s  
known a b o u t  t h i s  r e o r g a n i s a t i o n  of limb r e f l e x e s ,  th e  
co m pensa to ry  p r o c e s s  t h a t  a c t s  to  p rov ide  i t  can only be 
g u e s s e d  a t .
Some e v id e n c e  does ,  however, sugges t  t h a t  p o s t u r a l  
co m pen sa t io n  i s  dependent  on s t r u c t u r e s  o th e r  than  those  
in v o lv e d  i n  o c c u l a r  com pensa t ion .  The reappearance  of
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nys tagm us  i n  com pensa ted  an im als  upon d e c e r e b r a t i o n  (Dutia  
and R o se n b e rg ,  1981) s u p p o r t  t h i s  view. I t  appears  
t h e r e f o r e  t h a t  o c c u l a r  compensation i s  dependant upon 
c e n t r e s  o u t w i t h  t h e  b r a i n  stem, whereas p o s t u r a l  
c o m p e n sa t io n  may be a f e a t u r e  of s t r u c t u r e s  l o c a t e d  in  th e  
b r a i n  s tem and p o s s i b l y  th e  s p i n a l  co rd .  Although i t  seems 
r e a s o n a b l e  to  s u g g e s t  t h a t  th e  r e - e s t a b l i s h m e n t  of 
v e s t i b u l a r  n u c l e a r  a c t i v i t y  seen fo l lo w in g  v e s t i b u l a r  
l e s i o n s  ( P r e c h t  e t  a l . ,  1966; Pompeiano, X e r r i ,  Gianni & 
Manzoni ,  1984) i s  i n t i m a t e l y  concerned w i th  th e  p ro ce ss  of  
c o m p e n s a t io n ,  t h e  r e - o r g a n i s a t i o n  of the  p a t t e r n  of 
l a b y r i n t h  r e f l e x  i n  c h ro n ic  an im a ls ,  and th e  reappea rance  
o f  nys tagm us f o l l o w i n g  d e c e r e b r a t i o n  i n d i c a t e s  t h a t  t h i s  i s  
n o t  t h e  o n ly  c o n t r i b u t i n g  f a c t o r  to  th e  compensatory 
p r o c e s s .  Compensat ion  i s  c l e a r l y  a p ro cess  t h a t  i s  more 
complex t h a n  f i r s t  e n v is a g e d .
4 . 6 . 0  G e n e r a l  d i s c u s s i o n  and conc lud ing  remarks^
The e x p e r im e n t s  p r e s e n t e d  in  t h i s  t h e s i s  p rov ide  an 
e x a m in a t io n  o f  t h e  o r g a n i s a t i o n  of l a b y r i n t h  and neck 
r e f l e x e s  i n  normal c a t s ,  and a l s o  in  c a t s  s u b j e c t e d  to  
h e m i l a b y r i n th e c t o m y  ( a c u te  and ch ron ic )  .
In  t h e  normal animal with i n t a c t  l a b y r i n t h s  th e  
r e f l e x  scheme p r e s e n t e d  s u p p o r t s  and extends p r e - e x i s t i n g  
t h e o r i e s  (L indsay  e t  a l . ,  1976) on th e  involvement of 
l a b y r i n t h  and neck r e f l e x e s  in  the  c o n t r o l  of p o s t u r e .  By 
d e m o n s t r a t i n g  t h e  p a r t i c i p a t i o n  of limb f l e x o r s  in  
l a b y r i n t h  and neck r e f l e x e s  and the  e x i s t e n c e  of a s p e c i f i c
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r e c i p r o c a l  r e l a t i o n s h i p  to  e x te n s o r  induced motor a c t i v i t y ,  
t h e  p a t t e r n  o f  n a t u r a l l y  evoked r e f l e x e s  i s  s u g g e s t i v e  of 
two o p p o s in g  sy s te m s  ( l a b y r i n t h  and neck) t h a t  a c t  
i n d e p e n d e n t l y  on t h e  d i s t r i b u t i o n  of tone  w i t h in  a n t a g o n i s t  
m u sc le s  o f  a l im b .  From a f u n c t i o n a l  p o i n t  of view t h i s  
i m p l i e s  t h a t  when one system i s  b rough t  in  to  p lay  the  
p o s t u r e  o f  t h e  l im b i s  de te rm in ed  by th e  b a la n ce  between 
a c t i v i t y  in  t h e  e x t e n s o r  and f l e x o r .  In  a d d i t i o n ,  th e  
d e m o n s t r a t i o n  t h a t  l imb p o s t i o n  can r e g u l a t e  the  r e f l e x  
o u t p u t  o f  t h e  l im b ,  and c o n d i t i o n  descending  l a b y r i n t h  and 
neck r e f l e x  i n f l u e n c e s ,  e n s u r e s  t h a t  du r ing  th e  ex ec u t io n  
o f  a l a b y r i n t h  or neck r e f l e x  th e  muscular  ou tpu t  i s  
t a i l o r e d  t o  t h e  e x a c t  r e q u i r e m e n ts  needed to  meet the  
p o s t u r a l  r e q u i r e m e n t s  o f  th e  an im al .  Thus ( in  agreement 
w i th  L in d s a y  e t  a l . ,  1976) when l a b y r i n t h  and neck r e f l e x  
sy s te m s  a r e  b r o u g h t  sy nch ron o us ly  i n to  p lay  the  subsequent  
i n t e r a c t i o n  o f  t h e s e  r e f l e x  sys tems r e s u l t  in  no ne t  r e f l e x  
o u t p u t ,  and so a l l o w s  movements of  the  head to  occur upon a 
s t a b l e  p o s t u r a l  b a s e ;  though when evoked s e p a r a t e l y  the  
e x p r e s s i o n  o f  t h e  l a b y r i n t h  or neck r e f l e x  i s  s u f f i c e n t  to  
com pensa te  f o r  th e  d i s t u r b a n c e  evoking th e  r e f l e x  i n  th e  
f i r s t  p l a c e .
S u p p o r t  f o r  th e  above r e f l e x  system o p e ra t in g  in  
t h e  normal an im al  comes from the  r e s u l t s  of exper iments  
c a r r i e d  o u t  on a c u t e  h e m i la b y r in th e c to m iz e d  an im als .  In th e  
a c u t e  a n im a l ,  t h e  d i s t u r b a n c e  to  th e  o r g a n i s a t i o n  of 
l a b y r i n t h  r e f l e x e s  r e s u l t  in  an abnormal i n t e r a c t i o n  with  
neck r e f l e x e s ,  which i n  p a r t  a ccoun ts  fo r  the  b e h av io u ra l  
d i s t u r b a n c e s  i n  p o s t u r e  seen in  th e s e  an im als .  These
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d e f i c i t s ,  a r e  r e c o g n i z a b l e  as an i n a b i l i t y  to  c o r r e c t l y  
a d j u s t  l im b  p o s i t i o n  d u r in g  imposed t i l t s  of  th e  su p p o r t in g  
s u r f a c e  or to  s t a b i l i s e  body p o s i t i o n  du r ing  head 
movements.  The abnormal i n t e r a c t i o n s  a re  th e  r e s u l t  of a 
r e v e r s a l  o f  t h e  l a b y r i n t h  r e f l e x  c o n t r a l a t e r a l  to  the  
l e s i o n .  W hile  i p s i l a t e r a l  to  th e  l e s i o n  th e  r e f l e x  appea rs  
norm al  a r e s u l t  which i s  s t r o n g l y  i n d i c a t i v e  t h a t  the  
normal  l a b y r i n t h  r e f l e x  i s  dependant  on t h e  i n t e g r i t y  of 
t h e  c o n t r a l a t e r a l  l a b y r i n t h .  Although th e  r e s u l t  of 
h e m i l a b y r i n th e c t o m y  imposes s e v e r e  p o s t u r a l  d i s a b i l i t i e s  on 
an a n im a l ,  a r e m a rk a b le  p r o c e s s  of compensation to  th e  
l e s i o n  o c c u r s .  T h is  compensa t ion  in v o lv e s  p l a s t i c  and 
a d a p t i v e  m o d i f i c a t i o n s  to  th e  a c u te  p a t t e r n  of l a b y r i n t h  
and neck r e f l e x e s  and i l l u s t r a t e s  how th e  s u rv iv in g  
l a b y r i n t h  can p r o v i d e ,  a lo n g  w i th  th e  neck p r o p r i o c e p t o r s ,  
a scheme of  r e f l e x e s  w hich ,  a l th o u g h  e s s e n t i a l l y  d i f f e r e n t  
from t h e  scheme d e s c r i b e d  f o r  c a t s  w i th  i n t a c t  l a b y r i n t h s ,  
a c t s  t o  p r o v i d e  t h e  same end r e s u l t .
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A ppe n d i x  A .
T h i s  a p p en d ix  i n  c o n ju c t i o n  w i th  methods s e c t i o n  
( c h a p t e r  2) p r o v i d e s  a d i s s e c t i o n  guide fo r  the  den e rv a t io n  
o f  t h e  a t l a n t o —o c c i p i t a l  and a t l a n t o —a x i a l  j o i n t s .  The 
a p p en d ix  c o n s i s t s  o f  a s e r i e s  of  pho tographs  and 
accompanying l i n e  d raw ings  which i l l u s t r a t e  v a r io u s  s t e p s  
i n  t h e  d i s s e c t i o n .  The ph o tog raphs  were o b ta in e d  from a 
dead  a n im a l .
P l a t e  AI i l l u s t r a t e s  th e  s u r f a c e  of the  muscles of 
t h e  back o f  t h e  head  and neck on r e t r a c t i n g  th e  sk in .
P l a t e  A l l  i l l u s t r a t e s  th e  deeper  muscles of the  
neck a f t e r  t h e  r e t a c t i o n  of  th e  s u p e r f i c i a l  muscles ,  t h e  
s p i n a l  p r o c e s s  o f  t h e  a x i s  i s  c l e a r l y  v i s i b l e  in  t h i s  
p l a t e .
P l a t e  A I I I ,  i n  t h i s  p l a t e  th e  muscles surrounding  
t h e  a x i s  v e r t e b r a  have been p a r t i a l l y  c l e a r e d .
P l a t e  AIV, t h i s  p l a t e  shows th e  e x te n t  to  which the  
m u sc le s  s u r r o u n d i n g  th e  a x i s  and a t l a s  v e r t e b r a e  have to  be 
c l e a r e d  and t h e  e x i t s  of  th e  Cl and C2 s p i n a l  nerves can be 
c l e a r l y  s e e n .
P l a t e  kV', i n  t h i s  p l a t e  th e  d o r s a l  and v e n t r a l  
r o o t s  o f  one of  t h e  C2 s p i n a l  nev res  has been cut  proximal
t o  t h e  d o r s a l  r o o t  g a n g l i a .
P l a t e  AVI in  t h i s  p l a t e  both  C2 sp in a l  nerves have
been s e c t i o n e d .
P l a t e  AVI I f o l lo w in g  th e  d e n e rv a t io n  of the 
a t l a n o - o c c i p i t a l  j o i n t  a p o r t i o n  of th e  d o r s a l  su r fa ce  of
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t h e  a t l a s  i s  removed t o  f a c i l i t a t e  access  to  Cl d o r s a l  
r o o t s .
P l a t e  A V III ,  t h i s  p l a t e  i l l u s t r a t e s  how a f t e r  
o p e n in g  t h e  d u ra  and l i f t i n g  i t  t h e  Cl d o r s a l  ro o t s  can be 
e a s i l y  e x p osed  and t h e n  s e c t i o n e d .
toward head
L a i n b o i d a l T r a p e z i e u s  ( r i g h t  s i d e )  r e t r a c t e d
' c r e s t Deep m u s c l e s  o f  t h e  neck  
( s p l e n i u s  and b i v e n t o r  c e r v i c u s )
_ S pin a  1 p r o c e s s  o f  a x i s  
#  v e r t a b r a
î l ' u Z - - T r a p e z i e u s  ( l e f t  s i d e )  
r e t r a c t e d
P la te  A I.
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T r a p e z i e u s  ( r i g h t  s i d e )  r e t r a c t e d
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_ S pin a  1 p r o c e s s  o f  a x i s  
v e r t a b r a
T r a p e z i e u s  ( l e f t  s i d e  
r e t r a c t e d
P la te  A l l .
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Skul l  /  Q. ,
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_  Splen i us  ( l e f t  s i d e )  r e t r a c t e d
_^ T r a p e z i e u s  ( l e f t  s i d e )
P la te  A III .
t o w a r d  head
A x i s  v e r t e b r a  
/
I
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-  / . # <  1 S u p r a o c c i p i t a l  r e n i o n  ^  ^  o f  s k u l l
^  ' v i  % '
É
A t l a s  v e r t e b r a
C2 s p i n a l  n e r v e  
( r i g h t )
01 s p i n a l  n e r v e  
( r i g h t )
P la te  AIV.
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/  c a p s u l a r  re g i on
A t l a s  v e r t e b r a
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Cut  C2 s p i n a l  
n e r v e
P la te  AVI.
Cut  n e r v e  s tump 
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( l e f t  s i d e )
/
t owar d  head
Do r s a l  r o o t  o f  Cl ( l e f t  s i d e )Axi s  v e r t e b r a
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Dura c o v e r i n g  s p i n a i  co r d
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S p i n a l  c o r d  
Axi s  v e r t e b r a
Cut  C2 s p i n a l  n e r v e
P la te  AVIII.
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Appendix B.
Changes in  head or neck p o s i t i o n ,  as  w e l l  as 
a l t e r a t i o n s  i n  elbow j o i n t  p o s i t i o n  have been shown to  
a l t e r  s e g m en ta l  r e f l e x  t h r e s h o ld  in  very  s p e c i f i c  ways. For 
exam ple ,  g r a p h s  showing c ro s se d  ex te n so r  and i p s i l a t e r a l  
f l e x i o n  r e f l e x  t h r e s h o l d  modula t ion  with  changes in  head 
and elbow p o s i t i o n  (F igs  77a & b, 78, 79) and neck and 
elbow p o s i t i o n  (Fig 77b) have c h a r a c t e r i s t i c  shapes which 
a r e  r e l a t e d  t o  th e  type  of muscle and th e  limb reco rd ed  
f rom. The o b j e c t  of t h i s  appendix i s  simply to  i d e n t i f y  
o p e r a t i o n s  t h a t  can t r an s fo rm  the  r e s u l t s  p e r t a i n i n g  t o  one 
s e t  of  c o n d i t i o n s  to  those  of a n o th e r .  For example, i s  
t h e r e  a s im p le  o p e r a t i o n  t h a t  would c a r r y  the  s u r f a c e  shown 
i n  F ig  77a to  t h a t  of Fig  77b. More g e n e r a l l y ,  a r e  t h e r e  a 
l i m i t e d  number of e lem en ta ry  o p e r a t io n s  t h a t  can be used to  
d e s c r i b e  t h e  v a r i e t y  of r e l a t i o n s h i p s  t h a t  a re  found 
e x p e r i m e n t a l l y .
T h i s  appendix  examines th e  r e l a t i o n s h i p s  between 
d e s c e n d in g  ( l a b y r i n t h  and neck) a c t i o n s  onto motoneurones 
and of  p e r i p h e r a l  a c t i o n s  mediated by a r t i c u l a r  
m e c h a n o - r e c e p to r  s .  The exper im en ta l  f i n d in g s  t h a t  p ro v id e  
t h e  m a t e r i a l  f o r  t h i s  appendix a re  ga ined  from s e c t i o n s  
d e t a i l i n g  t h e  m odu la t ion  of segmental  r e f l e x  e x c i t a b i l i t y  
i n  e x t e n s o r s  and f l e x o r s  w ith  changes in  head, neck and 
elbow j o i n t  p o s i t i o n  ( 3 .5 .  & 3 . 6 ) .
From th e  t h r e e  d imensional  g raphs  ( e .g .  Fig 77a & 
b ,  7 8 ,  7 9 ) ,  used  in  s e c t i o n  3 .5 ,  i t  i s  c l e a r  t h a t  the  
s u r f a c e s  d e f i n e d  conform to  one of four  p o s s i b l e  o p t io n s .
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d e f i n e d  i n  te rm s  of  th e  co rne r  in  which th e  peak of  the  
g rap h  o c c u r s .
By lo o k in g  down onto such graphs th e  d a ta  c o n ta in e d  
w i t h i n  them can be e x p re s sed  by square  m a t r i c e s .  The 
p o s i t i o n  o f  an e lem ent  w i t h in  a row of such a m a t r ix  
i d i c a t i n g  head  p o s i t i o n ,  w h i le  column p o s i t i o n  s i g n i f i e s  
t h e  a t t i t u d e  of  th e  l im b .  The a b so lu te  va lue  of  a 
p a r t i c u l a r  e lem ent  e x p re s s in g  r e f l e x  t h r e s h o l d  a t  a 
c o m b in a t io n  o f  l imb and head or neck p o s i t i o n s  (see  below) .
LIMB POSITION
X Y Z FULL EXTENSION
M N 0 MID RANGE
A B C FULL FLEXION
HEAD OR LEFT MID RIGHT
NECK SIDE POSITION SIDE
POSITION DOWN DOWN
I f  each e lement  in  the  above m at r ix  i s  g iven  a 
s p e c i f i c  m agn i tude  then  th e  m at r ix  w i l l  conform w i th  th e  
e x p e r i m e n t a l  o b s e r v a t i o n s  i f  we assume t h a t  X i s  g r e a t e r  
t h a n  t h e  o t h e r s  and C has the  s m a l l e s t  magnitude.  By doing 
t h i s ,  and s c a l i n g  th e  o th e r  e lements  a p p r o p r i a t e l y  then  a 
s u r f a c e  s l o p i n g  away from the  peak X m o n o to n ica l ly  to  a 
minimum a t  C can be p i c t u r e d .  By doing t h i s  fou r  m a t r i c e s  
can be composed t h a t  d e f in e  the  peak of the  graph in  each 
of  t h e  c o r n e r s  of  th e  g r i d  shown above. These m a t r i c e s  a re









P =   Ol R = 0 N M
\C B a 1
/A B C]
T = M N 0
\X Y zj
By s tu d y i n g  th e  composi t ion  of th ese  m a t r ic e s  i t  i s  
se en  t h a t  i n  comparing P to  R (or S to  T) t h a t  R (T) i s  
g a in e d  by i n t e r c h a n g i n g  columns 1 of P (S) with  column 3. 
F u r th e r m o r e  i n  comparing P to  T (or R to  S) i t  i s  e v id e n t  
t h a t  i n  t h e s e  r e l a t i o n s h i p s  in te rc h a n g in g  rows 1 and 3 w i l l  
map P o n t o  T or T onto  P (R onto S or S onto R ) . I t  
t h e r e f o r e  a p p e a r s  t h a t  by c a r r y in g  out  column or row 
o p e r a t i o n s ,  or  com bina t ions  of both t h a t  any of the  above 
m a t r i c e s  can be o b t a in e d  from one of the  o t h e r s .  When 
d e a l i n g  w i t h  sq u a re  m a t r i c e s  o p e ra t io n s  a re  d e sc r ib e d  which 
c a r r y  o u t  t h e  above column or row sw i tches .  These 
o p e r a t i o n s  a r e  g iv en  below.
Column o p e r a t i o n s ;  i n  any 3 x 3  square  m a t r ix ,  
p o s t - m u l t i p l i c a t i o n  w i th  the  pe rm uta t ion  m at r ix  E (de f in ed  
below) i n t e r c h a n g e s  columns 1 and 3.
Row o p e r a t i o n s ;  i n  any 3 x 3  square  m a t r ix ,  
p r e - m u l t i p l i c a t i o n  w i th  the  pe rm uta t ion  m atr ix  E 
i n t e r c h a n g e s  rows 1 and 3.
E =
f O O l \
010
100 /
Given t h e  fo u r  b a s i c  m a t r ic e s  de f ined  above (P, R,
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Sr T) I t  IS p o s s i b l e  t o  i d e n t i f y  each with  p a r t i c u l a r  
e x p e r i m e n t a l  c o n d i t i o n s  and d e f in e  r e l a t i o n s h i p s  between 
d i f f e r e n t  c o n d i t o n s .  By c o n s id e r in g  th e  a c t i o n s  of  head, 
neck and elbow p o s i t i o n  on th e  e x c i t a b i l i t y  of limb 
m o to n eu ro nes  t h e  above m a t r i c e s  a re  a s s o c i a t e d  w i th  the  
c o n d i t i o n s  o u t l i n e d  below.
P ” R ig h t  t r i c e p s  e x c i t a b i l i t y  changes w ith  head and 
elbow p o s i t i o n
-  L e f t  t r i c e p s  e x c i t a b i l i t y  changes w ith  neck and 
elbow p o s i t i o n
R -  R ig h t  t r i c e p s  e x c i t a b i l i t y  changes with  neck and 
elbow p o s i t i o n
-  L e f t  t r i c e p s  e x c i t a b i l i t y  changes with  head and 
elbow p o s i t i o n
S -  R ig h t  f l e x o r  e x c i t a b i l i t y  changes with  head and 
elbow p o s i t i o n
-  L e f t  f l e x o r  e x c i t a b i l i t y  changes with  neck and 
elbow p o s i t i o n
T -  R ig h t  f l e x o r  e x c i t a b i l i t y  changes w i th  neck and 
elbow p o s i t i o n
-  L e f t  f l e x o r  e x c i t a b i l i t y  changes w ith  head and 
elbow p o s i t i o n
I f  we c o n s i d e r  t h e  m a t r ix  P and examine the  r e s u l t  of 
p o s t - m u l t i p l i c a t i o n  w i th  E then  i t  i s  c l e a r  t h a t  t h i s  
o p e r a t i o n  r e l a t e s :  (1) Labyr in th  and neck a c t io n s  to  a 
common m u sc le ,  and (2 ) r e l a t e s  l a b y r i n t h  or neck a c t io n s  to  
e x t e n s o r s  or  f l e x o r s  from o p p o s i t e  l im bs.  This  r e l a t i o n s h i p
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i s  d e f i n e d  below u s in g  P as  an example.
/XYZ\ /00ï\ 
P X E = MNO X 010 
\ABC/ llOOl
/(XxO) + (YxO) + (Zxl)  (XxO) + (Yxl) + (ZxO) (Xxl) + (YxO) + (ZxOA 
= (MxO) + (NxO) + (Oxl) (MxO) + (Nxl) + (OxO) (Mxl) + (NxO) + (OxO) 
\(AxO) + (BxO) + (Cxl)  (AxO) + (Bxl) + (CxO) (Axl) + (BxO) + (CxO)/
/Z Y X\
= 0 N M = R
\C B A/
In  t h e  same way R p o s t - m u l t i p l i e d  by E g ives  P, and S 
p o s t - m u l t i p l i e d  by E g iv e s  T.
R X E = P
S X E = T
and T X E = S
P o s t - m u l t i p l i c a t i o n  by m a t r ix  E d e f in e s  the  o pe ra t io n  t h a t  
r e l a t e s  l a b y r i n t h  a c t i o n s  to  neck a c t io n s  for  any 
p a r t i c u l a r  m u sc le .
I f  we a g a i n  c o n s i d e r  m a t r ix  P, but  now examine the  a c t io n  
a s s o c i a t e d  by p r e - m u l t i p l i c a t i o n  with E we f in d  t h a t  t h i s  
o p e r a t i o n  r e l a t e s ;  (1 ) e x c i t a b i l i t y  changes a s s o c i a t e d  w i th  
head and elbow p o s i t i o n  to  t h a t  a s s o c i a t e d  fo r  an 
a n t a g o n i s t  m usc le  o f  t h e  same limb re c e iv in g  neck and j o i n t  
i n p u t ,  and (2 ) r e l a t e s  th e  a c t i o n s  on ex tensor  and f l e x o r  
m usc les  from o p p o s i t e  l imbs re c e iv in g  the  same descending 
i n p u t  ( l a b y r i n t h  or n e c k ) .
i . e .  E X P = T
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The above r e l a t i o n s h i p s  t h e r e f o r e  d e f in e  the  
o p e r a t i o n s  t h a t  e x i s t  between l a b y r i n t h  and neck a c t i o n s  on 
t h e  e x c i t a b i l i t y  of  a s i n g l e  muscle, and the  r e l a t i o n s h i p  
be tween  o p p o s i t e  e x te n s o r  and f l e x o r  muscles sh a r in g  a 
common d e s c e n d i n g  i n p u t .  In a d d i t i o n  to  th e se  r e l a t i o n s ,  
s p e c i f i c  r e l a t i o n s h i p s  a l s o  e x i s t  between th e  a c t io n  of th e  
l a b y r i n t h  or neck on a n t a g o n i s t  muscles in  a p a r t i c u l a r  
l im b and a r e  a c c e s s a b l e  to  a s im i l a r  t r e a tm e n t .
For example  c o n s i d e r  th e  r e l a t i o n s h i p  between r i g h t  
e x t e n s o r  and f l e x o r  d u r ing  changes in  head and elbow 
p o s i t i o n .  In  t h i s  example, m at r ix  P denotes  e x c i t a b i l i t y  
changes  a s s o c i a t e d  w i th  th e  r i g h t  ex tensor  and m at r ix  S 
t h o s e  o b s e r v e d  i n  t h e  r i g h t  f l e x o r  (see Figs  77a & 78) .
In  o r d e r  to  map elements  in  P onto those  in  S two 
o p e r a t i o n s  must  be perform ed.
1. m a t r i x  P must  be p r e - m u l t i p l i e d  by E 
E X P =
/001\ /XYZ\ 
010) X MNO\ 
\lOOl \ABCl
/ABC\
= MNO = T 
\XYZ/
and 2. m a t r i x  T must then  be p o s t - m u l t i p l i e d  by E, which
from above we know w i l l  g iv e  us S.
T X E = S
M atr ix  P w i l l  t h e n  be mapped onto matr ix  S by the  o p e ra t io n
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E X P X E = S
t h i s  mapping  t h e n  r e p r e s e n t s  t h e  r e l a t i o n s h i p  between 
a n t a g o n i s t  m u sc le s  o f  t h e  same limb r e c e iv in g  head or neck 
and j o i n t  a f f e r e n t  covergence .
In  t h e  f i r s t  s t e p  of  t h e  t r a n s fo rm a t io n  d e f in e d  
above t h e  m a t r i x  was p r e - m u l t i p l i e d  by E. This  o p e ra t io n  
y i e l d i n g  i n  i t s e l f  one of  th e  o th e r  de f ined  m a t r ix e s  and 
r e v e a l e s  an o p e r a t i o n  t h a t  r e l a t e s  what i s  happening i n  one 
m usc le  say  t h e  r i g h t  e x te n s o r  to  what happens to  th e  f l e x o r  
o f  t h e  o p p o s i t e  l im b .
I t  would t h e r e f o r e  appear  t h a t  m anipula t ion  o f  a 
s p e c i f i c  m a t r i x  by m a t r ix  E can p rov ide  an idea  of what 
e x c i t a b i l i t y  chan g es  occur  in  o th e r  muscles and what 
changes  a r e  a s s o c i a t e d  i n  th e  same muscle with  a d i f f e r e n t  
d e s c e n d i n g  i n p u t  ( l a b y r i n t h  as opposed to  neck or v ice  
v e r s a )  . In  t o t a l  t h e r e  a r e  t h r e e  o p e ra t io n s  t h a t  d e f in e  the  
c o m p le te  sp e c t ru m  of  a c t i o n s  a s s o c i a t e d  with  changes in  
head ,  neck  and elbow p o s i t i o n ;
1 .  P r e - m u l t i p l i c a t i o n  by E r e l a t e s  opposi te  ex tenso r  and 
f l e x o r  m u sc le s  s h a r i n g  th e  same descending i n p u t .  This  
o p e r a t i o n  r e f l e c t s  t h e  antagonism between th e  j o i n t  
m e d ia te d  a c t i o n s  o n to  e x t e n s o r s  and f l e x o r s  ( i . e .  sw itches  
row 1 w i t h  row 3 ) .  S i m i l a r l y  t h i s  o p e ra t io n  d e f in e s  the  
r e l a t i o n s h i p  i n  t h e  same limb to  extensor  and f l e x o r  
m usc le s  r e c e i v i n g  d i f f e r e n t  descending inpu t  ( i . e .  
l a b y r i n t h  and n e c k ) .
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2 .  P o s t - m u l t i p l i c a t i o n  by E r e l a t e s  l a b y r i n t h  and neck 
a c t i o n s  w i t h i n  a common muscle and in  a d d i t i o n  r e l a t e s  
s i m i l a r  m u sc le s  from o p p o s i t e  limbs r e c e iv in g  descending 
i n p u t  from t h e  l a b y r i n t h s  or neck ( the  o p e ra t io n  
e f f e c t i v e l y  s w i t c h e s  column 1 w i th  column 3 ) .
3 , P r e - m u l t i p l i c a t i o n  fo l low ed by p o s t - m u l t i p l i c a t i o n  by E 
d e f i n e s  an o p e r a t i o n  i n  which both rows and columns a re  
i n t e r c h a n g e d  and as  such d e f i n e s  r e l a t i o n s h i p s  ex tensor  and 
f l e x o r  m u sc le s  from o p p o s i t e  l imbs r ec e iv in g  l a b y r i n t h  or 
neck i n p u t  and a l s o  th e  r e l a t i o n s h i p  between f l e x o r  and 
e x t e n s o r  o f  t h e  same limb when a l a b y r i n th  input  i s  
s w i t c h e d  t o  a neck i n p u t .
The above i l l u s t r a t e s  the  p o s s ib l e  r e l a t i o n s h i p s  
found i n  c a t s  w i th  i n t a c t  l a b y r i n t h s .  In the  fo l lowing  
d e s c r i p t i o n  t h e  s i t u a t i o n  observed in  the  l e f t  
h e m i l a b y r i n t h e c t o m i z e d  c a t  w i l l  be examined.
In  t h e  a c u t e  hem ilabyr in thec tom ized  ca t  l a b y r in th  
r e f l e x e s  a r e  sy m m etr ica l  between l e f t  and r i g h t  l imbs. As a 
co n sequence  t h e  o p e r a t i o n s  d e f in in g  l a b y r i n t h  and elbow 
j o i n t  a f f e r e n t  i n t e r a c t i o n s  a re  cons iderab ly  s im p l i f i e d .  In 
t h e  a c u t e  hem i laby  r in th e c to m iz e d  animal l a b y r in th  and elbow 
a c t i o n s  can be c h a r a c t e r i z e d  by j u s t  two m a t r ic e s ,  one 
d e t a i l i n g  a c t i o n s  to  e x t e n s o r s ,  the  o ther  to the  f l e x o r s .  
These two m a t r i c e s  can be i d e n t i f i e d  with two of the  four 
d e s c r i b e d  above ,  namely R and T.
f ZYX\  (CBh\
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R = I ONM I T = I ONMl 
VCBA/ \XYZ/
R -  E x c i t a b i l i t y  changes in  l e f t  and r i g h t  e x te n so rs  w ith  
c h a n g e s  i n  head and elbow po s i t io n »
T -  E x c i t a b i l i t y  changes  in  l e f t  and r i g h t  f l e x o r s  w ith  
c h an g e s  i n  head and elbow p o s i t i o n .
I t  i s  t h e r e f o r e  a p p a r e n t  t h a t  p re —m u l t i p l i c a t i o n  with E 
d e f i n e s  t h e  r e l a t i o n s h i p  between l a b y r i n th  and elbow 
a c t i o n s  t o  e x t e n s o r s  and f l e x o r s  of  both r i g h t  and l e f t  
s i d e s  i n  h e m i l a b y r in th e c to m iz e d  c a t s .
E x R = T  & E x T = R
By c o n s i d e r i n g  th e  a c t i o n  of the  neck in  the  
h e m i l a b y r i n t h e c t o m i z e d  c a t  we a re  aga in  dea l ing  w ith  the  
b a s i c  f o u r  m a t r i x  c o n fo rm a t io n s .
P -  l e f t  e x t e n s o r  e x c i t a b i l i t y  changes with neck and 
elbow p o s i t i o n .
R -  r i g h t  e x t e n s o r  e x c i t a b i l i t y  changes with neck and 
elbow p o s i t i o n .
S -  l e f t  f l e x o r  e x c i t a b i l i t y  changes with neck and elbow
p o s i t i o n .
T -  r i g h t  f l e x o r  e x c i t a b i l i t y  changes with neck and elbow 
p o s i t i o n .
From t h i s  i t  i s  c l e a r  t h a t  neck e f f e c t s  to  the  
r i g h t  l im b  p a r a l l e l  t h e  l a b y r i n t h i n e  a c t io n s  to
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m o to n e u ro n e s f t h i s  d e f i n i n g  e g u a l l i t y  in  e f f e c t s .
i . e .  neck & elbow a c t i o n s  to  r i g h t  f l e x o r  
=head & elbow a c t i o n s  to  r i g h t  f l e x o r
T h is  s i t u a t i o n  e q u a t i n g  to  t h e  m a t r ic e s  being m u l t i p l i e d  by 
th e  i d e n t i t y  m a t r i x  I .
/ICON 
I = 010 
\ 0 0 l /
e . g .  i n  t h e  c a s e  of  l e f t  hemilabyrinthectomy the  l a b y r i n th  
a c t i o n s  t o  t h e  r i g h t  limb a re  in  th e  same sense as the  neck 
a c t i o n s .
I X T = T 
I X R = R
In  r e l a t i n g  neck a c t i o n s  to  l a b y r in th  ac t io n s  in 
t h e  l e f t  l im b  t h e  s i t u a t i o n  d e f in ed  fo r  the  normal c a t  a l s o  
i s  t r u e  f o r  t h e  a c u t e  l e f t  hemilabyr in thectom ized  c a t s .
The o p e r a t i o n s  d e f in e d  in  t h i s  appendix, t h a t  i s  
p re  and p o s t  m u l t i p l i c a t i o n  w ith  matr ix  E summarize the  
r e c i p r o c a l  r e l a t i o n s  t h a t  e x i s t  between the  l a b y r in th  and 
neck d e s c e n d i n g  a c t i o n s  and the  re c ip ro c a l  a c t io n s  to  
e x t e n s o r  and f l e x o r  motoneurones mediated by a r t i c u l a r  
m e c h a n o - r e c e p to r s .
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